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FIELD SAMPLING AND STANDARD OPERATING PROCEDURES

BMI COMMON AREAS
CLARK COUNTY, NEVADA

1 INTRODUCTION

This document describes Field Sampling and Standard Operating Procedures for field tasks to be
completed during Site investigation, groundwater monitoring and other field activities at the
BMI Common Areas located in Clark County, Nevada (Site). The Standard Operating
Procedures (SOPs) describe the methods used to collect environmental samples, measure aquifer
properties, manage investigation-derived wastes, decontaminate equipment, and transport
samples to laboratories for analysis. These procedures were developed as general descriptions of
field methods that may be employed at various locations and stages of the field investigation.
The purpose of the SOPs is to standardize and document field procedures and the collection of
field data. In the event that the procedures outlined in the SOPs contradict Nevada regulations,
the Nevada regulations shall take precedence.

Each SOP describes the purpose, equipment needs, proper field documentation forms, and
methodology for a general field task. Each SOP is not intended to provide an all-inclusive
discussion of all procedures. Specific problems may require the adaptation of existing equipment
or design of new equipment. Such innovations shall be clearly described in the project-specific
sampling plan and approved by the Project Manager, Basic Remediation Company (BRC) and
the Nevada Division of Environmental Protection (NDEP). Specific Health and Safety
procedures and information are presented in the project-specific Health and Safety Plan (BRC
and MWH 2005). Field personnel will be familiar with the Health and Safety Plan prior to
implementing field procedures. Specific quality assurance (QA) and quality control (QC)
policies associated with the collection of environmental data for characterization activities at the
Site are presented in the project-specific Quality Assurance Project Plan (QAPP; BRC, ERM and
MWH 2007).

Copies of field documentation forms referenced in the SOPs are included as Attachments to each
specific SOP. Many SOPs are subdivided into more specific procedures, when necessary.
Overall, the SOPs listed below provide general methods and procedures that may be changed due
to variations in field conditions. Any changes in the procedures described in this SOP will be
discussed with BRC and the lead agency NDEP prior to implementation in the field.
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For remedial investigations, the National Contingency Plan (NCP; 40 Code of Federal
Regulation [CFR] 300.430 (b)(8)(i)) requires lead agencies to develop sampling and analysis
plans which provide a process for obtaining data of sufficient quality and quantity to satisfy data
needs. Such sampling and analysis plans must include a Field Sampling Plan (FSP). Although
not directly applicable, this project will follow this general guidance of the NCP. Additionally,
the preparation of project and area-specific FSPs is set forth in the following U.S. Environmental
Protection Agency (USEPA) guidance documents:

e USEPA. 1988. Guidance for Conducting Remedial Investigations and Feasibility Studies
Under CERCLA.

e USEPA. 2002. Guidance on Choosing a Sampling Design for Environmental Data
Collection for Use in Developing a Quality Assurance Project Plan.

e USEPA. 2006. Guidance on Systematic Planning Using the Data Quality Objectives Process.

e USEPA. 2007. Guidance for Preparing Standard Operating Procedures (SOPs).

Specifically, USEPA 1988 Appendix B requires that an FSP contain the following:
1. Site background

2. Sampling objectives

3. Sample location and frequency

4. Sample designation

5. Sampling equipment and procedures

6. Sample handling and analysis

For this project, Items 5 and 6 are covered in this document and the project-specific Quality
Assurance Project Plan (BRC, ERM and MWH 2007). Separate sub-area Sampling and Analysis
Plans will be prepared for each project sub-area. These Plans will contain Items 1 through 4
above. As such, this document is designed to contain SOPs that will be used on all project sub-
areas, as needed. Thus, the sub-area Sampling and Analysis Plans will reference this document.
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LIST OF STANDARD OPERATING PROCEDURES

Quality Assurance and Quality Control for Submittals to the Nevada Division of
Environmental Protection

Drilling Methods

Groundwater Monitoring Well Design
Groundwater Monitoring Well Development
Aquifer Testing Methods

Water Sampling and Field Measurements

Sample Management and Shipping

Soil Sampling

Trenching and Test Pitting

Surface Water and Sediment Sampling

Surveying

Cone Penetrometer Testing

Surface Soil Sampling for Asbestos

Operating and Calibration Procedures - Field Equipment
Field Documentation

Field Logbook

Flux Chamber Source Testing

Soil Logging

Soil Sampling for VOCs Using EnCore™ Samplers
Borehole Abandonment

Filter Pack and Well Screen Slot Size Determination
Monitoring Well Destruction

Installation of Temporary Monitoring Wells

Split Spoon Sampling

Wireline Coring

Shallow Hand Auger Sampling

Soil Grab Sampling

Stockpile Sampling

HydroPunch

Drum Sampling
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APPENDICES

LIST OF STANDARD OPERATING PROCEDURES

Field Analytical Procedure

Drilling Equipment Decontamination

X Ray Fluorescence (XRF) Analysis (REMOVED)
Wipe Sampling

Investigative Derived Waste (IDW) Management
Waste Sampling

Tank Sampling

Active Soil Gas Investigation

Radiation Field Screening

Photoionization Detector (PID) Screening Procedure
Data Review/Validation

Approach for Surface Soil Sampling

NDEP Comments on the BRC Standard Operating Procedures and BRC’s Response to
Comments
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DISCLAIMER

THE FOLLOWING STANDARD OPERATING PROCEDURE PROVIDES GENERAL
GUIDANCE FOR BRC CONTRACTORS FOR TECHNICAL ISSUES ADDRESSED
DURING ENVIRONMENTAL SITE INVESTIGATION AND REMEDIATION
ACTIVITIES. IT ISNOTED, HOWEVER, THAT EACH SITE IS UNIQUE AND THESE
GUIDELINES ARE NOT A SUBSTITUTE FOR COMMON SENSE AND GOOD
MANAGEMENT PRACTICES BASED ON PROFESSIONAL TRAINING AND
EXPERIENCE. IN ADDITION, INDIVIDUAL CONTRACT TERMS MAY AFFECT
THE IMPLEMENTATION OF THIS STANDARD OPERATING PROCEDURE. BRC
CONTRACTORS RESERVE THE UNRESTRICTED RIGHT TO CHANGE, MODIFY
OR NOT APPLY THESE GUIDELINES IN THEIR SOLE, COMPLETE, AND
UNRESTRICTED DISCRETION TO MEET CERTAIN CIRCUMSTANCES,
CONTRACTUAL REQUIREMENTS, SITE CONDITIONS, OR JOB REQUIREMENTS.
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1.0 INTRODUCTION

The purpose of this Standard Operating Procedure (SOP) is to ensure that all reports, including
figures, drawings, tables, and calculations, are of similar and acceptable quality. Report quality
assurance and quality control (QA/QC) review is a critical part of the project reporting process.
It is imperative that a thorough review be conducted to prevent errors in reporting or procedure
shortcuts on the part of the preparer. Report review is also needed to ensure that the acceptance
criteria for the project have been met.

It is Basic Remediation Company’s (BRC) policy that all documents and deliverables (project
designs, drawings, reports, calculations) receive appropriate review to assure both the company
and the Nevada Division of Environmental Protection (NDEP) that standards are being met. The
BRC QA/QC review process consists of independent, in-process reviews and technical document
reviews. In addition, review meetings may be used at any stage of a project to provide key
technical input.

All work must be carried out by experienced staff or appropriate training given to project staff. It
is the responsibility of the BRC Project Manager to identify the technical requirements of the
project and identify appropriately qualified staff to complete and review the work. The BRC
Project Manager shall be responsible for overseeing all aspects of the review process. Three
QA/QC review procedures are presented in this SOP: calculation review, drawing and design
review, and report review.

2.0 CALCULATION REVIEW PROCEDURES

All calculations shall be checked by a qualified staff member with expertise in the area of
interest. The staff member conducting the review is responsible for determining the level of
review required. For simple projects, a self-check may be appropriate; however, all self-checks
must be approved by the BRC Project Manager for each specific task. The review and validation
of spreadsheets should be performed by someone other than the preparer, and a person
conversant in the software application (for example, Microsoft® Excel).

Regardless of the level of review, the reviewer shall ensure that the requirements below have
been met and that the outputs are reasonable. All checks must be documented.

In specifying checks and reviews, the following should be conducted:

e Review printed material against electronic material:
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e Review formula locations, cell numbers, and ranges;

Review formula documentation in equation table;

e Review formula syntax and order of operation, verifying against calculator (if necessary);
e Review final layout;

e Verify that all data has been correctly entered from its original source; and

e Verify that any formulae used are correct and that they run throughout the spreadsheet (if
applicable).

3.0 DRAWING AND DESIGN REVIEW PROCEDURES

All drawings and designs shall be identified by job number in the title block. Numbering systems
shall be developed by the BRC Project Manager, unless NDEP specifies an alternative. The
preparation, review, and approval of drawings and designs shall be documented in the drawing
title block. The person preparing the drawing or design shall identify the title, job, drawing or
design number, scales, revision status, and author in the appropriate locations. The status of all
drawings and designs shall be clearly shown.

All drawings and designs shall be reviewed by a senior staff member. At a minimum, drawing
and design review should include the following:

e Review of all project drawings and designs to identify errors; conflicts between drawings,
tables, and text; and omissions in detail, dimensions, and identification.

For larger or more complex tasks, drawing and design review may also include the following:

e A detailed check of the drawings and designs to ensure the accuracy of all dimensions,
labeling, identification, and number systems and consistency with the calculations and other
project documentation. This check will normally be conducted by the senior staff member
who is undertaking the calculation review.

All drawings and designs reviewed shall be signed and dated by the reviewer and recorded in the
project file.
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4.0 REPORT REVIEW PROCEDURE

The BRC Project Manager shall be responsible for ensuring that reports have been properly
prepared and reviewed before being submitted to NDEP. Draft and final versions of all
documents submitted as formal project deliverables shall undergo technical review by
experienced technical reviewers, other than the author, to independently review document copy
and content, and check tables, data, and calculations. Technical or content review staff should
have the appropriate experience for the document. Content review should examine document
flow and organization, data interpretation and presentation, construction of conclusions and
recommendations, and technical accuracy and completeness. An editorial or copy review is also
recommended to maintain minimum quality standards. Copy review should include a review of
grammar, spelling, sentence and paragraph structure, and formatting. Data in figures, tables, and
text shall be compared to determine if values are consistent. Acronyms and references should be
checked for completeness. The copy review shall be conducted by someone with specialized
skills.

In addition, the primary author shall review the entire document for content and style
consistency, particularly if there are multiple authors. The consultant’s Project Manager shall
review the document to determine if it meets the project scope of work. The presentation of all
reports shall, as far as is practical, be in a standard format and shall be of a consistent format
throughout the report. The consultant’s Project Manager shall provide sign-off that the above
requirements have been met for the document.

For some simple submittals, self-checks may be appropriate. However, self-checks must be
approved by the BRC Project Manager for each specific task and the approval documented. The
completed and signed review or equivalent documented check shall be held in the project file.

Documents should be technically and editorially reviewed for various elements, including the
following:

e Format, style, and grammar;

Consistency and completeness;

Complete and correct references to tables, drawings, figures, and appendices;

Calculations;

Reference to the most current standards (e.g., current federal risk assessment guidance);

\ ..
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e Technical correctness;

e Adherence to BRC and NDEP standards and procedures;

e Conformance to industry practice and/or applicable regulatory guidance;
e Pages are properly ordered and legible;

e Liability considerations are addressed;

e Conformance with BRC document style requirements;

e Consistency with requirements in the scope of work; and

e Appropriate/adequate justification for recommendations.

Each document submitted to NDEP must be stamped and signed by a Nevada Certified
Environmental Manager (C.E.M.) and include a jurat (Ref: NAC 459.97285), the date on which
the document was signed, the number of the certificate, and the date of expiration of the
certificate. This stamp and signature shall be evidence that required reviews have been
completed and that the document meets BRC standards and reasonable requirements.

Sign-off by team members who have completed quality checks on the document shall be
included on a sheet behind the CEM jurat. In addition, the entire document (including
calculations, drawings, and text) shall be checked to determine compliance with the NDEP’s
comments and BRC’s responses, prior to submittal. Regulatory review comments, along with
comment responses, shall be reviewed prior to submitting comment responses to NDEP. These
comments and responses shall also be retained in the project file. In general, NDEP review
comments and comment responses should be included in an Appendix in subsequent revisions of
the document.
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DISCLAIMER

THE FOLLOWING STANDARD OPERATING PROCEDURE PROVIDES GENERAL
GUIDANCE FOR BRC CONTRACTORS FOR TECHNICAL ISSUES ADDRESSED
DURING ENVIRONMENTAL SITE INVESTIGATION AND REMEDIATION
ACTIVITIES. IT ISNOTED, HOWEVER, THAT EACH SITE IS UNIQUE AND THESE
GUIDELINES ARE NOT A SUBSTITUTE FOR COMMON SENSE AND GOOD
MANAGEMENT PRACTICES BASED ON PROFESSIONAL TRAINING AND
EXPERIENCE. IN ADDITION, INDIVIDUAL CONTRACT TERMS MAY AFFECT
THE IMPLEMENTATION OF THIS STANDARD OPERATING PROCEDURE. BRC
CONTRACTORS RESERVE THE UNRESTRICTED RIGHT TO CHANGE, MODIFY
OR NOT APPLY THESE GUIDELINES IN THEIR SOLE, COMPLETE, AND
UNRESTRICTED DISCRETION TO MEET CERTAIN CIRCUMSTANCES,
CONTRACTUAL REQUIREMENTS, SITE CONDITIONS, OR JOB REQUIREMENTS.
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1.0 INTRODUCTION

Drilling is a common activity associated with all phases of environmental investigations. A
variety of drilling methods can be used to collect site data during investigations and studies, and
to install vapor extraction or water wells associated with remedial actions, treatability studies, or
pilot studies.

Field investigations usually require invasive activities to gather information for site evaluation.
The investigation may require a borehole to facilitate the collection and subsequent analysis of
soil and/or groundwater samples. The borehole is often converted into a well for evaluating
vapor or groundwater conditions over a longer period of time. In addition to the collection of
samples for analyses, other data, such as sediment or rock classification; the presence of
contamination; geophysical, geotechnical, or physical parameters of the sediment or rock; and
the occurrence of groundwater, can be obtained from boreholes.

To determine the most appropriate drilling method for investigations or studies, primary
consideration must be given to obtaining samples that are representative of existing conditions
and are valid for chemical analysis. The samples must not be contaminated or adversely affected
by the drilling method.

Drilling associated with remedial actions, pilot studies, or treatability studies may include the
installation of vapor or water extraction and/or injection wells. In selecting the most appropriate
drilling method for these projects, primary consideration must be given to completion of a well
that will perform as designed.

This Standard Operating Procedure (SOP) describes the principles of operation and the
applicability and implementability of standard drilling methods used during field investigations.
The purpose of this document is to aid in the selection of appropriate drilling methods for site-
specific conditions. This SOP is intended to be used by the Project Manager (PM), Project
Engineer (PE), Field Team Leader (FTL), and site hydrogeologist or geologist (of which a
minimum of one must be a qualified Nevada Certified Environmental Manager [C.E.M.]) to
develop an understanding of each drilling method sufficient to plan, schedule, and perform the
activities associated with drilling.

This SOP focuses on methods and equipment that are readily available and typically applied. It is
not intended to provide a comprehensive discussion of drilling methods. Two general drilling
methods are discussed: (1) methods that do not use circulating fluids; and (2) methods requiring
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the circulation of drilling fluids to transport cuttings to the surface. More specific drilling

methods or techniques can be researched, as necessary, by contacting a drilling subcontractor

and learning about the specific methodology that may be most beneficial to implement.

Bailer

Cone Penetrometer

Cuttings

Drilling Fluids or Muds

Dual-Purpose Well

Flight

Heaving Formation

2.0 DEFINITIONS

A cylindrical tool designed to remove material, both solid and
liquid, from a well or borehole. A valve, which can be a ball or
flap, at the bottom of the bailer retains the material in the bailer.
There are four types of bailers: ball-valve, flat-valve, dart-valve,
and the sand pump with rod plunger.

An instrument used to determine and evaluate subsurface
conditions by measuring the ratio of cone tip resistance to sleeve
friction, and then comparing that ratio to a standardized set of
ratios. The cone penetrometer can be fitted with other instruments
that are able to determine pore pressure (the presence of
groundwater), to detect contamination and identify the
contaminant, and to determine other physical parameters of the
sediment. The cone penetrometer consists of a conical point
attached to a drive rod of smaller diameter. Penetration of the cone
into the formation forces the soil aside, creating a complex shear
failure. The cone penetrometer is very sensitive to small
differences in soil consistency.

As a borehole is drilled, the subsurface material displaced by
drilling and brought to the surface.

A water-based or air-based fluid used in the well drilling operation
to remove cuttings from the borehole, to clean and cool the bit, to
reduce friction between the drill string and the sides of the
borehole, to stabilize borehole walls, and to seal the borehole.

A well that can be used as both a monitoring and extraction or
injection well.

An individual auger section, usually 5 feet in length.

Unconsolidated, saturated substrate encountered during drilling
where the hydrostatic pressure of the formation is greater than the
borehole pressure causing the sands to move up into the borehole,
and frequently causing drilling or well installation complications.
Clean water or drilling muds may need to be introduced into the
borehole to minimize or eliminate the potential for heaving.
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Kelly Bar A hollow steel bar or pipe that is the main section of drill string to
which the power is directly transmitted from the rotary table to
rotate the drill pipe and bit. The cross section of the kelly is either
square, hexagonal, or grooved. The kelly works up and down
through drive bushings in the rotary table.

Pitch The distance along the axis of an auger flight that it takes for the
helix to make one complete 360-degree turn.

Rotary Table A mechanical or hydraulic assembly that transmits rotational
torque to the kelly, which is connected to the drill pipe and the bit.
The rotary table has a hole in the center through which the kelly
passes.

Split-Spoon Sampler A thick-walled, typically 18-inch long steel tube split lengthwise
and used to collect soil samples. The sampler is commonly lined
with brass or stainless steel sample sleeves and is driven or pushed
downhole by the drill rig to collect samples.

Thin-Walled Sampler A sampling devise used to obtain undisturbed soil samples made
from thin-wall tubing. The sampler is also known as a Shelby tube.
The thin-wall sampler minimizes the most serious sources of
disturbance: displacement and friction.

3.0 RESPONSIBILITIES

The Project Manager or Task Leader (a qualified Nevada C.E.M.) will select site-specific
drilling methods, with input from the FTL and Site Hydrogeologist or Geologist, and will
maintain close supervision of the activities and progress.

The Site Hydrogeologist selects site-specific drilling options and assists in the preparation of
technical provisions of drilling procedures and details.

The Field Team Leader implements the selected drilling program and assists in the selection of
drilling methods.

4.0 DRILLING METHODS

Drilling methods can be separated into two general types: techniques that use circulating fluids
and techniques that do not use circulating fluids. The following section discusses the drilling
methods that fall into these two general categories.
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4.1 Methods Without Circulating Fluids

There are two drilling methods that do not require circulating fluids: augering and percussion
drilling. SOPs for each of these methods are described below.

41.1 Augering

Auger drilling is accomplished by rotating a pipe or rod that has a cutting bit. The common auger
drilling methods discussed in this section are hand, continuous-flight, hollow-stem, and bucket.

4111 Hand Auger

A hand auger typically cuts a hole 2 to 9 inches in diameter and, depending on the geologic
materials, may be advanced to about 15 or 20 feet. Generally, the borehole cannot be advanced
below the water table because the hole collapses. Soil samples for chemical or geotechnical
analyses should not be collected directly from a hand auger because the samples are disturbed
and cross contamination may occur. Samples for chemical or geotechnical analyses should be
taken with a sampling tool such as a drive sampler driven at the desired depth. Samples for
lithologic logging purposes may be taken directly from the auger.

Applications Limitations
e Shallow soil investigations e Limited to shallow depths
e Requires minimal access e Unable to penetrate dense or rocky soil
e Soil sample collection e Borehole stability difficult to maintain

e Water-bearing zone identification Labor intensive

41.1.2 Continuous-Flight Auger

Continuous-flight augers consist of a plugged, tubular steel center shaft around which a
continuous steel strip, in the form of a helix, is welded. An individual auger is known as a
“flight” and is generally 5 feet long. Auger drill heads are generally designed to cut a hole 10
percent greater in diameter than the actual diameter of the auger they serve. In addition to
diameter, augers are specified by the pitch of the auger and the shape and dimension of the
connections.
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Applications Limitations
e Shallow soils investigations e Soil sampling difficult and limited to

. . areas of stable soils
e Soil sample collection

¢ Difficult to build monitoring wells in

e Vadose zone monitoring wells .
unstable soils

e Groundwater monitoring wells in

saturated. stable soils e Depth capability decreases as diameter

of auger increases

*  Identification of depth to bedrock e Monitoring well diameter limited by

e Fast and mobile auger diameter

4113 Hollow-Stem Auger

Hollow-stem augers are commonly used in unconsolidated materials to depths of approximately
150 feet. An advantage of this drilling method is that undisturbed soil samples can be collected
and the augers act as a temporary outer casing when installing a monitoring well.

Hollow-stem augers are generally made of two pieces: an annular outer head attached to the
bottom of the lead auger and an inner pilot or center bit mounted in a plug that is removable from
the center of the auger to the surface. The removable inner plug is the primary advantage of this
drilling method. Withdrawing the plug while leaving the auger in place provides an open, cased
hole into which samplers, down-hole drive hammers, instruments, casing, wire, pipe, or
numerous other items can be inserted. Replacing the center bit and plug allows for continuation
of the borehole.

Hollow-stem augers are specified by the inside diameter of the hollow stem, not by the hole size
it drills. Hollow-stem augers are available with inside diameters of 2.5, 3.25, 3.375, 4.0, 4.25,
6.25, 6.625, 8.25, and 10.25 inches. The most commonly used sizes are 3.25 inches and 4.25
inches for 2-inch monitoring wells and 6.625 inches for 4-inch monitoring wells. The larger
diameter augers, 8.25 and 10.25 inches, are not generally used for monitoring well installation,
although they have been used for the installation of dual-purpose wells.

The rotation of the augers causes the cuttings to move upward and “smear” along the borehole
walls. This smearing may effectively seal off the upper zones, thereby reducing the possibility of
cross contamination of the upper zones to the deeper zones, but increases the possibility of deep
to shallow contamination. However, this is not a method that is used for the purpose of sealing a
borehole.
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Drilling speed with hollow-stem augers is dependent upon the types of materials encountered.
Heavy formations such as “fat” clays should be drilled at 30 to 50 revolutions per minute (rpm).
Good clean sand that will stand open can be successfully augered at 75 rpm.

Applications Limitations
e Most frequently used method o Difficulty in preserving sample integrity in

e All types of soil investigations heaving formations

Formation invasion by water or drilling mud if

e Permits good soil sampling with split- used to control heaving

spoon or thin-wall samplers

e Possible cross contamination of aquifers
where annular space not positively controlled
by water or drilling mud or surface casing

e Monitoring well installation in all
unconsolidated formations

* Canserveas temporary casing e Limited diameter of augers limits casing size

e Can be used in stable formations to set

surface casing Smearing of clays may seal off aquifer to be

monitored

4.1.1.4 Bucket Auger

Bucket augers have a depth capacity of 30 to 75 feet and are used for large diameter holes (16 to
48 inches). Most bucket augers are “gravity fed” and are used for vertical holes. They are not
normally used to drill monitoring wells or for soil sampling but may be used to drill production
and recovery wells. Bucket augers may also be used to set conductor or surface casings for
production wells.

Generally, the auger bucket advances into the formation by combination of dead weight and the
tooth cutting angle. The auger cuts into the formation approximately 1 to 2 feet at a time, filling
the auger bucket. The bucket is attached to the lower end of a kelly bar that passes through and is
rotated by a large ring gear that serves as a rotary table. The kelly is square in cross section and
consists of two or more lengths of square tubing, one length telescoped inside the other. When
the bucket is withdrawn from the hole by means of a wire-line hoist cable, it is swung to the side
of the hole and the spoil is dumped out through the bottom by means of a hinge and latch device
on the bucket bottom.

Applications Limitations
e Drilling of large diameter boreholes to a o Difficult to advance the borehole below the
maximum depth of 75 feet water table
e Drilling in unconsolidated formations e Consolidated formations and cobbles are
difficult to drill
3 6 SOP-01 Revision 2
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e Loose sand formations may slough during
drilling

e Undisturbed soil sampling difficult to
achieve

41.2 Percussion Drilling

The basic method of advance in percussion drilling is hammering, striking, or beating on the
sediments or formation. Common percussion methods that do not use circulating fluids are cable-
tool, driven boreholes, and sonic drilling.

4121 Cable-Tool Drilling

Cable-tool operates by alternately raising and dropping a bit, hammer, or other heavy tool. In
consolidated formations, the drill bit breaks or crushes the formation. In unconsolidated
formations, the drill bit primarily loosens the formation when drilling. In both instances, the
reciprocating action of the tools mixes the crushed or loosened particles with water to form a
slurry or sludge at the bottom of the borehole. If little or no water exists in the penetrated
formation, water is added to form the slurry. Slurry accumulation increases as drilling proceeds
and eventually it reduces the impact of the tools. When the drop of the string of tools is hindered
by the thickened slurry, the slurry is removed by a bailer. Water is then added, if needed, and
drilling resumes.

Most boreholes drilled in unconsolidated formations are drilled “open hole;” that is, no casing is
used during part or all of the drilling operation. Drilling in unconsolidated formations differs
from hard-rock drilling as pipe or well casing must follow the drill bit closely as the well is
deepened to prevent caving and to keep the borehole open.

Using the cable-tool drilling technique in monitoring work is limited because the method is slow.
Drilling rates of 20 to 100 feet per day are typical with the average being approximately 50 feet
per day. Holes much smaller than 6 inches are impractical because of the need for a relatively
large, heavy bit. The method does not use drilling muds but does allow sampling of groundwater
with a drive and bail technigue as the hole is advanced in high-yielding formations.

Applications Limitations
e Drilling in all types of geologic formations e Drilling relatively slow
e Almost any depth and diameter range e Heaving of unconsolidated materials must

e Ease of monitoring well installation be controlled
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e Ease and practicality of well development e Equipment availability more common in
central, north central and northeast sections

e Excellent samples of geologic materials of the United States

41.2.2 Driving

A borehole can be constructed by driving a solid probe or plugged pipe into the ground. The
information obtained by this technique can be either minimal or extensive.

Driven wells, commonly referred to as wellpoints, are driven into the ground by hand or with
heavy drive heads mounted on a tripod, drill rig derrick, or similar hoisting device. Wellpoints
consist of a wellpoint (screen) that is attached to the bottom of a casing. Wellpoint and casing
diameters generally range from 1.25 to 2 inches. Depths of 30 feet can be achieved by hand in
sands or sands and gravels with thin clay seams. Depths of 50 feet or more can be achieved in
loose soils with hammers weighing up to 1,000 pounds.

Driving through dense silts and clays and/or bouldery silts and clays is often extremely difficult
or impossible. The well point may not be structurally strong enough and may be damaged or
destroyed by driving through dense soils. Additionally, the screen may become plugged when
driving through silts and clays and may be very difficult to reopen during development. Soil
samples cannot be collected during this process; however, crude stratigraphic information may
be obtained by recording the number of blows per foot of penetration. Driven wells or well
points are usually installed for the collection of groundwater samples and the determination of
static water levels to establish the regional groundwater gradient.

A large track-mounted backhoe (CAT 245) has been used to install extraction wells in a landfill
to the 30-foot depth. The bucket of the backhoe is used to push a 6-inch diameter drive pipe with
a plugged bottom. When the drive pipe reaches the final depth for the well, the plug at the
bottom of the drive pipe is removed and the well screen and casing materials are placed inside
the drive pipe. A large 50-ton crane then pulls the drive pipe, leaving the well materials in the
borehole. This technique is highly dependent upon the geologic formation and required depth.
The drive pipe pushes the formation aside. This can cause a compaction of the formation, which
could impact the performance of the well.

Considerably more information can be obtained by driving a penetrometer or a Dutch Cone.
Penetration of the soil with a cone forces the soil aside, creating a complex shear failure. The
degree of resistance yields the geologic logs of the borehole. Penetrometers can also obtain
groundwater samples and possibly soil samples. The borehole that the penetrometer makes is
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usually abandoned; however, occasionally a small-diameter piezometer can be constructed
within the borehole. For more information on cone penetrometer testing, see the SOP on Cone
Penetrometer Testing (SOP-11).

Applications Limitations
e Drilling of a borehole when soil samples e Geologic formations must be conducive for
are not needed driven wells
e |Installation of a shallow well point when e Driven wells should be limited to shallow
there are site access and work place wells
limitations

e Formation compaction usually occurs that
can affect well production

4123 Sonic Drilling

Sonic drilling, also known as resonance drilling, is a percussion drilling technique that uses a
high-frequency drive hammer. The frequency of the drive hammer varies from 150 to 250 hits
per minute. The drive pipe is either closed bottom or fitted with a soil sampling tube. If the
bottom of the drive pipe is closed, the borehole is made without the removal of any formation.
Instead, the formation is literally pushed to the side and out of the way of the drive pipe, which
acts as well casing as the boring proceeds. The high frequency of the hammer tends to liquefy the
formation in the vicinity of the bit, thus reducing the degree of difficulty of pushing pipe into the
formation.

A soil sampling device, such as a split-spoon sampler or a core barrel, can be placed inside the
drive pipe in lieu of the end plug. The sampler is removed at 5- or 10-foot intervals and replaced
with an empty sampler. This procedure yields a continuous soil sample and produces minimal
waste as only the formation within the sampler is brought to the surface. A monitoring well can
be installed in the borehole by removing the sampler and setting the well screen and casing
inside the drive pipe. The drive pipe is then withdrawn. This drilling technique again pushes the
formation aside to create the borehole. Certain formation compaction can occur which could
impact the performance of a well. Additionally, the rate of penetration of the drive pipe is very
high, producing considerable heat at the bit on the drive pipe and within the sampler. The heat in
the sampler may have a detrimental effect on soil samples for chemical analysis.

Applications Limitations
e Rapid drilling technique especially in e Very limited equipment availability

difficult drilling formations e Heat generated with drive pipe can
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compromise soil samples

e Formation compaction usually occurs that
can affect well production

e Use when drilling in contaminated areas
and disposal costs for wastes are high

e Can obtain continuous core

4.2 Methods With Circulating Fluids

Many drilling techniques use a circulating fluid, such as water or drilling mud, gas such as air, or
a combination of air, water, and a surfactant to create foam. Circulation fluids flow from the
surface either through the drill pipe, out through the bit, and up the annulus between the borehole
wall and the drill pipe (direct rotary) or down the borehole annulus, into the bit, and up the drill
pipe (reverse rotary). Generally the up-hole velocity needed to transport cuttings to the surface is
between 100 to 150 feet per minute for plain water with no additives, 80 to 120 feet per minute
for high-grade bentonite drill muds, 50 to 1,000 feet per minute for foam drilling, and up to
3,000 feet per minute for air with no additives. Additives decrease the required minimum
velocity. Excessive velocities can cause erosion of the borehole wall.

The use of circulating fluids may involve the addition of chemicals to the borehole. Drilling mud
utilizes bentonite clay and possibly polymers. Additives to air drilling may include surfactants
(detergents) and water mist to generate foam. Compressed air may also contain various amounts
of hydrocarbon lubricants. Therefore, attention should be given to the circulating fluids and any
possible additives that are used when using drilling methods utilizing circulation fluids.

4.2.1 Rotary Drilling Methods

Rotary drilling methods require the rotation of the drill pipe and the drill bit to advance the
borehole. The common drilling methods that use circulating fluids to remove the drill cuttings
from the borehole are presented in the following sections.

4211 Conventional Mud Rotary Drilling

In conventional mud rotary drilling, the circulating fluid is pumped from the surface through the
rotating drill pipe and bit to flush cuttings to the surface. At the surface the fluid is directed into a
circulation pit or tank where the cuttings settle out. The circulating fluid is then picked up with
the mud pump and again directed downhole. Bentonite is usually added to water to make the
drilling mud or fluid. The functions of the drilling fluid are to:

e Lift the cuttings from the bottom of the borehole and carry them to a settling pit
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e Support and stabilize the borehole wall to prevent caving
e Seal the borehole wall to reduce fluid loss

e Cool and clean the drill bit

e Allow the cuttings to drop out in the settling pit

e Lubricate the bit, cone bearings, mud pump, and drill pipe

For effective rotary drilling, the down force on the bit should be great enough to cause
continuous penetration of the boring. The pounds per inch of bit weight depends upon the
configuration of the bit and the formation being penetrated. Rotary speeds are generally in the
range of 60 to 200 rpm.

Applications

Rapid drilling of clay, silt, and reasonably
compacted sand

Limitations

Difficult to remove drilling mud and wall
cake from borehole wall during

o Allows split-spoon and thin-walled development

samples in unconsolidated materials ¢ Bentonite and other drilling additives may

e Allows core sampling in consolidated rock influence quality of groundwater samples

e Drilling rigs widely available e Circulated sample_s poor for monitoring
well screen selection
e Abundant and flexible range of tool sizes

and depth capabilities e Split-spoon and thin-wall samplers are

expensive and of questionable cost-
e Very sophisticated drilling and mud effectiveness at depths greater than 150 feet

programs available e Wireline coring techniques for sampling

both unconsolidated and consolidated
formations often not available locally

e Difficult to identify aquifers

e Geophysical borehole logs

e Drilling fluid invasion of permeable zones
may compromise validity of subsequent
monitoring well samples

42172 Air Rotary Drilling

In air rotary drilling, the circulation fluid is compressed air or a mixture of compressed air, a
surfactant, and water mist, which creates a foam. As in conventional mud rotary, the drilling
fluid is forced through the rotating drill pipe and bit to flush cuttings to the surface. At the
surface the fluid is directed into a pit or storage container. The up-hole velocity of the air and
cuttings should be approximately 3,000 feet per minute. Air rotary drilling method is primarily
used in consolidated formations due to the fact that the rapidly rising cuttings would cause
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considerable erosion of the borehole wall in unconsolidated formations. With the air rotary
drilling method, the circulating fluid is not reused again. The following are functions of the
drilling fluid:

e Lifting the cuttings from the bottom of the borehole and carrying them to the surface
e Cooling and cleaning the drill bit

e Lubricating the bit, cone bearings, mud pump, and drill pipe

Rotary speeds are generally in the range of 75 to 200 rpm. If the hardness of the formation
increases to the point that roller-cone rock bits cannot successfully penetrate the formation, then
a down-hole air hammer is used to penetrate the formation. The rotating speed using the down-
hole air hammer is in the range of 15 to 30 rpm.

Applications Limitations
e Rapid drilling of semi-consolidated and e Surface casing frequently required to

consolidated rock protect top of hole

e Good quality/reliable formation samples Drilling restricted to semi-consolidated and

: . consolidated formations
e Equipment generally available

Samples reliable but occur as small

* Allows easy and quick identification of particles that are difficult to interpret

lithologic changes
Drying effect of air may mask lower yield

e Allows identification of most water bearing water producing zones

Zones

e Allows estimation of yields in strong e Air stream requires contaminant filtration

water-producing zones with short “down Air may modify chemical or biological
time” conditions. Recovery time uncertain

4213 Air Rotary Casing Hammer (Drill and Drive)

Air rotary casing hammer method combines percussion and air rotary drilling methods to drill in
unconsolidated formations. The borehole is drilled with the air rotary drilling method. Casing or
drive pipe follows closely behind the rotary bit to prevent the erosion of the borehole wall. The
casing is driven similar to a pile driver except for a hole through its axis through which a drill
pipe is inserted and rotated. The drill bit is usually extended approximately 1-foot below the
bottom of the drive pipe that acts as temporary casing.
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Applications Limitations
e Rapid drilling of unconsolidated sands, silts, e Thin, low pressure water bearing zones
and clays easily overlooked if drilling not stopped

at appropriate places to observe whether

e Drilling in alluvial materials (including or not water levels are recovering

boulder formations)
e Samples pulverized as in all rotary

e Casing supports borehole thereby drilling

maintaining borehole integrity and
minimizing inter-aquifer cross contamination e  Air may modify chemical or biological

. i . conditions
e Eliminates circulation problems common

with direct mud rotary method e Difficult to obtain soil samples for

. chemical analysis
e Good formation samples y

¢ Minimal formation damage as casing pulled
back

4214 Center Stem Recovery Rotary Drilling (Reverse Circulation)

In reverse circulation drilling, the circulating fluid (water) flows from the surface down the
borehole annulus outside the drill pipe, into the drill bit, and up the inside of the drill pipe to
ground surface. The fluid carries the cuttings to the surface and discharges them into a settling
pit or tank. Reverse circulation is especially advantageous in very large boreholes and also in
those cases where the erosive velocity of conventional rotary circulation would be detrimental to
the borehole wall. Drilling is accomplished typically with water without additives. A large and
dependable water supply is required to keep the borehole full of drilling fluid to maintain
sufficient hydrostatic head on the borehole walls to prevent sloughing. Reverse circulation has
few applications in monitoring work except when nested wells are desired. Production wells with
18- to 24-inch-diameter casing are typically drilled by the reverse circulation drilling method.
Typical borehole diameters range from 15 to 36 inches; however, 60-inch-diameter boreholes are
not uncommon.

Applications Limitations
e Large capacity production wells e Requires large and dependable

source of water during drilling
and well installation

Cobbles and bedrock are difficult
to drill

e Nested wells

e Normally does not use drilling muds (little if any mud
cake is formed on the wall of the borehole)

e Drills best in unconsolidated sands, silts, and clays

\
A\ >~ 13 SOP-01 Revision 2

Basic Remediation

COMPANY



BMI Common Areas, Clark County, Nevada SOP-01 Drilling Methods
BRC Standard Operating Procedures August 2007

4.2.15 Dual-Tube Rotary

Dual-tube rotary is an exploratory drilling technique utilizing two concentric drill pipes. Both
drill pipes are rotated during drilling. The outside of the outer drill pipe is typically 4.5 inches in
diameter. The diameter of the borehole is approximately 5 inches. Compressed air is forced
between the two drill pipes and is directed to the center pipe at the bit. The cuttings are carried to
the surface by the returning air at a velocity of approximately 3,000 feet per minute. This is an
excellent drilling method to identify lithology and the locations of aquifers in deep boreholes. It
is very difficult to obtain undisturbed soil samples for chemical or geotechnical analyses;
however, groundwater samples can be obtained as aquifers are encountered. Geophysical logs
can be obtained if the borehole is filled with drilling mud as the drill pipe is removed.
Monitoring wells are typically not installed in dual-tube rotary boreholes unless the borehole is
reamed out by the mud rotary method. Depths of 1,000 feet are not uncommon for this drilling
method and typically, the more consolidated the formation, the better the drilling, as
unconsolidated formations cause more drag or friction on the outside of the rotating drill pipe.

Applications Limitations
e Used mostly for exploratory boreholes e Equipment availability

Cannot obtain undisturbed soil
samples for chemical analysis

e Rapid extraction of drill cuttings from the borehole

e Drill cuttings are representative of formation

e Very rapid penetration rate in all formations * Borehole size is limited (5 inches)

e Can collect groundwater samples as aquifers are
encountered

4.2.2 Dual-Tube Percussion Drilling

Dual-tube percussion drilling is very similar to dual-tube rotary drilling with the exception that
the two drive pipes do not rotate during drilling. Two concentric drive pipes are driven into the
ground with a hammer. The hammer is similar to units on pile drivers. The typical outside
diameter of the outer drive pipe is 9 to 12 inches. The typical inside diameter of the inner pipe,
where well materials would be inserted, is 6 to 8 inches. This drilling system is also a center stem
recovery system. This drilling technique has been developed and is used primarily in hazardous
waste investigations. This method is rapid and effective to depths of about 250 feet.

The outer pipe effectively seals off the formation while drilling, reducing the chance of cross
contamination. Air is pumped between the annulus of the two pipes to the bit where it is
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deflected upward into the center pipe. Cuttings are transported to the surface through the center
pipe.

In general, three systems are available: 7-inch outside diameter (OD)/4.25-inch inside diameter
(ID), 9-inch OD/6-inch ID, and 12-inch OD/8-inch ID. A 2-inch-diameter monitoring well can
be constructed in the 7-inch system, a 4-inch-diameter monitoring well can be constructed in the
9-inch system, and a 5- or 6-inch-diameter monitoring well can be constructed in the 12-inch
system.

Applications Limitations
e Very rapid drilling through both unconsolidated e Limited borehole size that limits

and consolidated formations diameter of monitoring wells

e Allows continuous sampling for lithologic logging e In unstable formations wells are
in all types of formations limited to approximately 4 inches

e Very good representative samples can be obtained e Equipment availability more
with minimal risk of contamination of sample common in the southwest

and/or water bearing zone e Air may modify chemical or

e In stable formations, wells with diameters as large biological conditions; recovery time
as 6 inches can be installed in open hole IS uncertain
completions

e Soil samples can be easily obtained for chemical
analysis

4.2.3 Suction Drilling

Suction drilling has been used to drill into consolidated formations that yield little if any
groundwater. This is an experimental drilling method that has been used by the U.S. Geological
Survey (USGS) to drill in basalts in Idaho. The drilling technique is very similar to the reverse
circulation drilling technique discussed in Section 4.2.1.4 with the exception that air is
circulating, not water. To drill the borehole, a drill rig rotates a modified air rotary bit at the end
of the drill pipe. The cuttings are removed by the suction from a high-pressure, high-volume air
and steam ejector/eductor siphon system. The suction is directed to the interior of the drill pipe.
All formation cuttings, including formation fluids, are brought to the surface via the interior of
the drill pipe.

To drill a 10-inch-diameter borehole, two 600 cubic feet per minute (cfm)/250 pounds per square
inch (psi) air compressors are connected parallel to the ejector/eductor siphon device. Suction
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Applications

Allows continuous sampling for lithologic
logging

Very good representative samples can be
obtained

Drilling is not impeded in fractured
formations that typically cause lost
circulation problems

from the siphon device is directed to the 2-3/8-inch-diameter drill pipe. A 1.5-horsepower blower
fan is used to direct air down the borehole.

Limitations

Formations must be very consolidated to
prevent the borehole wall from sloughing
during drilling

Cuttings are very abrasive to the drill pipe
and discharge lines

Difficult to maintain an adequate vacuum
as air leaks form easily at threaded joints of
the drill pipe

Groundwater could prevent the
advancement of the borehole

Drilling contractors have had numerous mechanical problems advancing boreholes beyond the
150-foot depth. Vacuum leaks have caused a loss in suction and the plugging of the drill pipe.
The drill pipes have twisted off and the abrasive cuttings have worn holes in hoses and pipes.
This drilling method has some unique advantages; however, until the mechanical problems are
solved, this technique will not be available for use.

5.0 CONSIDERATIONS FOR SELECTION OF DRILLING METHODS

Each project or drilling site has its own considerations for the selection of a particular drilling
method. Prior to selecting a drilling method, several factors must be considered. The major
factors that this section will address include the objective of the drilling program, site conditions,
wastes generated, and Basic Remediation Company (BRC) preferences. Other factors include
drilling costs, availability of trained crews and appropriate equipment, and project schedule
requirements. Recognize that it may be very difficult to fulfill all of the sampling/drilling
objectives with a single drilling method. The drilling method selected may compromise some of
the objectives of the drilling program.

51 Drilling Objectives

The primary consideration in selecting any drilling method is to ensure the selected method is
capable of meeting the objective(s) of the drilling/sampling program. It is common to have more
than one objective for the drilling/sampling program and it may be difficult to satisfy all OF the
program objectives.
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For example, if sample collection (soil or groundwater) is the objective, the selected method
must be capable of collecting, in an appropriate and approved manner, the necessary samples.
Additionally, the contaminants of concern may influence the drilling and sampling method.

Alternatively, if the objective of the drilling program is to install vapor or groundwater extraction
wells, the selected method must be suitable for the installation of the designed well. It is
important to not only consider the physical limitations of a particular drilling technique (i.e.,
depth and diameter), but examine the consequences of the drilling method with the drilling
objective (i.e., smearing of the borehole walls rendering wells ineffective or inefficient).

5.2 Site Conditions

Site conditions can limit the drilling methods available for a particular program. Site conditions
to be considered include both subsurface and surface conditions.

5.21 Subsurface Conditions

The subsurface stratigraphy of a site is a fundamental consideration when selecting a particular
drilling method. The drilling equipment selected must be capable of effectively and
economically penetrating the strata at the site to meet the project objectives. Particular
stratigraphy that may pose problems for certain drilling methods include tight clayey soils,
swelling clays, flowing sands, caliche, gravels, cobbles, lost circulation zones, and bedrock.

In addition to stratigraphy, the site hydrology must also be considered. If multiple water-bearing
zones are expected, a conductor casing may be needed to seal off shallow water-bearing zones
and prevent potential cross contamination. The need for conductor casings can affect the
selection of a particular drilling method. Wells that deeply penetrate aquifers can also affect the
selection of a particular drilling method.

5.2.2 Surface Conditions

Surface conditions can affect access to the site and the amount of available work space (both
horizontal and vertical or overhead space). These in turn can affect the selection of a particular
method or type of drill rig. Limited access and work space may require smaller or remotely
powered drill rigs. The site terrain is a very important factor in choosing the drilling method as it
is very expensive and difficult to mobilize large and/or heavy equipment over rugged terrain. For
sites such as these, drill rigs (typically hollow-stem auger) are mounted on all-terrain equipment.
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In addition to access and work space, the work environment must also be considered. This
includes both weather and other site activities. Extremely hot or cold climates may require use of
special drilling equipment or methods. Sites such as refineries where explosive atmospheres
could exist may also require very special equipment. All site activities must also be considered as
they may impact the selection of the drilling method.

53 Waste Generation

Drilling operations typically generate significant volumes of waste that must be handled, stored,
and eventually disposed. This is of particular concern when drilling into contaminated or
hazardous materials. The type and volume of wastes generated during drilling differs for
different drilling methods. The different handling and disposal requirements of drilling wastes
can greatly affect project costs. The different drilling methods can also require vastly different
volumes of groundwater be removed to fully develop the well.

5.4 BRC Preferences

BRC has valid concerns regarding dust, noise, size, weight, or other nuisances related to drilling
operations near property boundaries located near residential areas. For example, certain drilling
methods require continuous operations until the borehole/well is completed, requiring lights for
night work. This may not be possible in some situations. These site-specific or client-specific
preferences must be considered when selecting a drilling method.
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DISCLAIMER

THE FOLLOWING STANDARD OPERATING PROCEDURE PROVIDES GENERAL
GUIDANCE FOR BRC CONTRACTORS FOR TECHNICAL ISSUES ADDRESSED
DURING ENVIRONMENTAL SITE INVESTIGATION AND REMEDIATION
ACTIVITIES. IT ISNOTED, HOWEVER, THAT EACH SITE IS UNIQUE AND THESE
GUIDELINES ARE NOT A SUBSTITUTE FOR COMMON SENSE AND GOOD
MANAGEMENT PRACTICES BASED ON PROFESSIONAL TRAINING AND
EXPERIENCE. IN ADDITION, INDIVIDUAL CONTRACT TERMS MAY AFFECT
THE IMPLEMENTATION OF THIS STANDARD OPERATING PROCEDURE. BRC
CONTRACTORS RESERVE THE UNRESTRICTED RIGHT TO CHANGE, MODIFY
OR NOT APPLY THESE GUIDELINES IN THEIR SOLE, COMPLETE, AND
UNRESTRICTED DISCRETION TO MEET CERTAIN CIRCUMSTANCES,
CONTRACTUAL REQUIREMENTS, SITE CONDITIONS, OR JOB REQUIREMENTS.
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1.0 INTRODUCTION

This Standard Operating Procedure (SOP) is applicable to the design and installation of
permanent groundwater monitoring wells at BMI Common Areas. Each monitoring well must be
designed to suit the hydrogeologic setting, the type of contaminants to be monitored, overall
purpose of the monitoring program, and other site-specific variables. As such, site-specific
objectives for each monitoring well and its intended use must be clearly defined before the
monitoring system is designed. Additionally, within a monitoring system, different monitoring
wells may serve different purposes and thus require different types of construction. Therefore,
during all phases of well design, Basic Remediation Company (BRC) contractors must clearly
document the basis for design decisions, the details of well construction, and the materials to be
used. At many BMI Common Area sites, precedence has been set as to well slot size and filter
pack materials; therefore, it is not necessary to do a sieve analysis for determining well design
details.

2.0 DEFINITIONS

Absorption The penetration or apparent disappearance of molecules or ions of
one or more substances into the interior of a solid or liquid.

Adsorption The process by which atoms, ions, or molecules are assimilated to
the surface of a material. lon-exchange processes involve
adsorption.

Annular Sealant Material used to provide a positive seal between the borehole and

the casing of the well. Annular sealants should be impermeable and
resistant to chemical or physical deterioration.

Annular Space The space between the borehole wall and the well casing, or the
space between a casing pipe and a liner pipe.

Aquifer A geologic formation, group of formations, or part of a formation
that can yield water to a well or a spring.

Backwashing A method of filter pack emplacement whereby the filter pack
material is allowed to fall freely through the annulus while clean
fresh water is simultaneously pumped down the casing.

Bentonite Hydrous sodium montmorillinite mineral available in powder,
granular, or pellet form. It is used to provide a tight seal between the
well casing and the borehole.
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Bridging

Continuous Slot
Wire-Wound Well
Screen

Corrosion

Filter Pack

Grout

Monitoring Well

Naturally Developed
Well

Neat Cement

Piezometers

Sieve Analysis

Slurry

Tremie Pipe

The development of gaps or obstructions in either grout or filter
pack materials during emplacement.

A well intake that is made by winding and welding triangular-
shaped, cold-rolled wire around a cylindrical array of rods. The
spacing of each successive turn of wire determines the slot size of
the intake.

The adverse chemical alteration that reverts elemental metals back to
more stable mineral compounds and that affects the physical and
chemical properties of the metal.

Sand, gravel, or glass beads that are uniform, clean, and
well-rounded that are placed in the annulus of the well between the
borehole wall and the well intake to prevent formation material from
entering through the well intake and to stabilize the adjacent
formation.

A fluid mixture of neat cement and water with various additives or
bentonite of a consistency that can be forced through a pipe and
placed in the annular space between the borehole and the casing to
form an impermeable seal.

A well that is capable of providing a groundwater level and sample
representative of the zone being monitored.

A well construction technique whereby the natural formation
materials are allowed to collapse around the well intake and fine
formation materials are removed using standard development
techniques.

A mixture of Portland cement and water in the proportion of five to
six gallons of clean water per bag (94 pounds) of cement.

A small-diameter, non-pumping well used to measure the elevation
of the water table or potentiometric surface.

Determination of the particle-size distribution of soil, sediment, or
rock by measuring the percentage of the particles that will pass
through standard sieves of various sizes.

A thin mixture of liquid, especially water, and any of several finely
divided substances such as cement or clay particles.

A device, usually a small-diameter pipe that carries grouting
materials to the bottom of the borehole and that allows pressure
grouting from the bottom up without introduction of appreciable air
pockets.
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Well Cluster Two or more wells completed (screened) to different depths in a
single borehole or in a series of boreholes in close proximity to each
other. From these wells, water samples that are representative of
different horizons within one or more aquifers can be collected.

Well Point A sturdy, reinforced well screen or intake that can be installed by
being driven into the ground.

3.0 RESPONSIBILITIES

The Project Manager or Task Leader (a qualified Nevada Certified Environmental Manager
[C.E.M.]) will select the site-specific monitoring well design and installation methods, with input
from the site geologist or hydrogeologist and field team leader, and will maintain close
supervision of the activities and progress.

The Site Hydrogeologist selects site-specific drilling/sampling options and helps prepare
technical provisions of drilling methods.

The Field Project Leader/Geologist implements the selected drilling program.

The Drilling Rig Geologist supervises and/or performs actual monitoring well installation.

4.0 WELL DESIGN

Consideration should be given to the following site-specific information before a groundwater
monitoring system is designed:

e Purpose of the groundwater monitoring program (water quality, water levels, remediation,
flow direction, and velocities)

e Surficial conditions, including topography, climate, drainage, site access

e Known or anticipated hydrogeologic setting including geology (consolidated/
unconsolidated), physical characteristics of the aquifer (porosity/permeability), type of
aquifer (confined/unconfined), recharge/discharge conditions, aquifer thickness, and
groundwater/surface water interrelationships

e Borehole geophysical logs, if any

e Known or anticipated contaminant chemical characteristics (chemistry, density, viscosity,
reactivity, and concentration)

e Anticipated seasonal fluctuations in groundwater levels
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e Anthropogenic or tidal influences

e Regulatory requirements

Common mistakes in groundwater monitoring system design include the following:

e Use of well casing or well screen materials that are incompatible with the hydrogeologic
environment, and/or the anticipated contaminants, resulting in chemical alteration of the
samples or failure of the well

e Use of nonstandard well screen (field slotted or perforated) or incorrect slot size, resulting in
well sedimentation and turbid groundwater samples

e Improper length or placement of the well screen so that acquisition of accurate water level or
water quality data from discrete zones is impossible

e Improper selection and placement of filter pack materials resulting in well sedimentation,
well screen plugging, or chemical alteration of the groundwater

e Improper selection and placement of annular seal materials resulting in alteration of
groundwater chemistry, plugging of the filter pack and/or well screen, or
cross-contamination from geologic units that have been sealed off improperly

e Inadequate surface protection resulting in surface water entering the well

Siting of monitoring wells should be performed after a preliminary estimation of the hydraulic
gradients and groundwater flow direction. In most cases this may be done through review of
background data and site terrain. Additionally, production wells in the area may be used to
assess the local groundwater flow direction. If the groundwater flow direction cannot be
determined by any of these methods, it may be practical to install piezometers in a preliminary
phase to determine flow direction.

4.1 Casing Diameter and Screen Length

Monitoring well casing diameter is dependent on the purpose of the well and the amount and size
of downhole equipment that must be accommodated. Additional criteria for selecting casing
diameters include: drilling or well installation method used, anticipated depth of the well and
associated strength requirements, ease of well development, volume of water required to be
purged prior to sampling, rate of recovery of the well after purging, and cost.

Monitoring well casing diameters are generally two or four inches. Pumping tests or some types
of borehole geophysical equipment may require wells six inches or larger in diameter. Four-inch-
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diameter wells are usually preferred due to their versatility. In smaller diameter wells, the
volume of stagnant water to be purged prior to sampling is minimized, the cost of well
construction is reduced, and the well stabilizes relatively quickly. The quantities of potentially
contaminated drill cuttings and development and purge water are also reduced.

The borehole diameter should be a minimum of four to six inches larger than the well casing and
screen to allow for proper placement of annular materials.

In situations where vertical groundwater gradients are minimal, screen lengths are typically 10 to
20 feet, with stratified formations possibly requiring shorter screen lengths. If non-aqueous phase
liquids (NAPLS) that are lighter than water are anticipated, the well screen should extend above
the water table so these liquids can be sampled. Consideration should be given to seasonal
fluctuations in water levels when locating the well screen above the top of the water table. If
dense NAPLs are anticipated, the screen interval should extend to the base of the aquifer. Well
clusters may be necessary when contaminants both denser and lighter than water are anticipated
in the same aquifer.

4.2 Casing and Screen Materials

Monitoring well casing is specified by diameter, thickness, and type of material. Well screens
also require that slot size be specified. Casing thickness is referred to as "schedule.” Polyvinyl
chloride (PVC) is usually Schedule 40 (thinner wall), although Schedule 80 (thicker wall) is
sometimes used for deep wells. Steel casing is typically Schedule 5 or 10.

Selection of casing and screen material must be based on three primary characteristics: chemical
interference potential, chemical resistance, and physical strength. The materials must not
assimilate chemicals either by adsorption onto the material surface or absorption into the
material matrix or pores; they must be durable enough to withstand potential chemical attacks
either from natural chemical constituents or groundwater contaminants; and they must have the
structural strength to withstand the forces exerted on them by the surrounding geologic materials
and during installation. The three components of casing and screen structural strength are tensile
strength, compressive (column) strength, and collapse strength.

Casing and screen materials generally available are Teflon, PVC, stainless steel, galvanized
steel, carbon steel, and low-carbon steel. Teflon materials are extremely expensive and of
comparatively low strength. Although relatively inert, recent studies have shown that Teflon is
prone to sorption of selected organic compounds.
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The two most commonly used materials are PVC and stainless steel. PVVC is inexpensive, widely
available, lightweight, and easy to work with. However, the column strength of PVC may limit
the depth of installation. Schedule 80 PVC may be used for deeper wells; however, the reduced
inside diameter should be taken into account when designing the well. Many studies have been
conducted concerning the effect of PVC on water quality data. Whereas adsorption of some
chlorinated species to PVC was documented, the adsorption rate was found to be very slow.
Because a sample is generally taken shortly after the purging of stagnant water in contact with
the casing, the contaminants in the water will have minimal time to be influenced by sorption or
leaching effects. Therefore, potential sample bias effects due to interactions with PVC appear to
be negligible.

Steel well materials are stronger, more rigid, and less temperature sensitive than PVC or Teflon.
Stainless steel has the highest corrosion resistance of the various types of steel. Type 304 and
Type 316 are the most commonly used stainless steels. Both are available in low-carbon forms,
which are more easily welded than the normal carbon steel. Low-carbon steel is designated by an
"L" after the number (e.g., Type 304L). Type 304 stainless steel is superior to Type 316 from a
corrosion resistance and cost standpoint. Type 316 is preferred to Type 304 under reducing
conditions. For either type of stainless steel, long-term exposure to corrosive conditions may
result in chromium or nickel contamination of groundwater samples. Insoluble halogen and
sulfur compounds may also form as a result of corrosion of stainless steel.

Threaded, flush-joint casing is preferred for monitoring well applications. Welded-joint steel
casing may also be acceptable, but is typically more expensive and inconvenient. Glued PVC
should never be used for monitoring wells since the glue may release organic contamination into
the well. The casing should have a well cap that is vented to prevent the accumulation of gases
and to allow water levels in the well to respond to barometric and hydraulic pressure changes.

The hydraulic efficiency of a well screen depends primarily upon the amount of open area
available per unit length of screen. The two screen types commonly used for monitoring wells
are machine-slotted, and continuous-slot wire-wound. Hand-slotted, drilled, or perforated
casings should not be used as well screens. Slotted casing is manufactured from a variety of
materials, including PVC and stainless steel.

Slot openings are designated by numbers that correspond to the widths of the openings in
thousandths of an inch (e.g., number 10 slot refers to 0.010-inch slot size). The slots have a
consistent width for the entire wall thickness of the casing, which can result in clogging if
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irregularly shaped formation particles are brought through the screen during well development
and sampling.

The continuous-slot, wire-wound screen has a greater area per opening per length and diameter
than is available with any other screen type. The percentage of open area in continuous-slot
screen is often more than twice that provided by standard slotted well screen. The triangular
shaped wire makes these screens non-clogging. They are fabricated in PVC and a variety of
metals and are used when high pumping rates are anticipated.

If a monitoring well will also be used for hydraulic testing, the well screen open area should
equal or exceed the formation's effective porosity so that the screen is not the limiting factor in
formation hydraulic testing. In most cases, this amount of open area can only be achieved
through the use of continuous-slot wire-wound well screen. In choosing between types of well
screens, another factor is the speed and effectiveness of well development. Screens with a high
percentage of open area greatly reduce the time and effort required for well development.

The bottom of the screen must be sealed by an endcap consisting of the same material as the
screen. The use of a sediment sump or trap below the well screen is not appropriate for
monitoring wells.

In the case of wells deeper than 150 feet deep, schedule-80 PVC will be used to minimize the
potential for casing blistering when grout cures. The diameter of the screen and casing will be a
maximum of 4-inches less than the diameter of the borehole. Stainless steel centralizers will be
placed at the top and bottom of the well screen and every 40 feet along the blank casing. The
bottom of each well will consist of a slip cap mounted with stainless steel screws to a flush-
threaded end-cap. Holes of 1/16-inch diameter will be drilled through both caps prior to
installation to prevent water from sitting in the bottom of the well if the static water level drops
below the bottom of the well. A locking cap or dedicated pump assembly will be used to secure
the top of the well.

4.3 Decontamination of Casing and Screen Materials

During the production of PVC casing, a wax layer can develop on the inner wall of the casing;
protective coatings may also be added to enhance casing durability. Considerable quantities of
oils and solvents are used during the manufacturing and machining of threads during the
production of steel casing. All of these represent potential sources of chemical interference and
must be removed either with a laboratory-grade nonphosphate solution or by steam cleaning
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prior to installation. Factory cleaning of casing and screen in a controlled environment by
standard detergent washing, rinsing, and air-drying procedures is superior to any cleaning efforts
attempted in the field. Factory cleaned and sealed casing and screen can be certified by the
supplier.

4.4 Filter Pack and Well Screen Design

A properly designed monitoring well requires that a well screen be placed opposite the zone to
be monitored and be surrounded by materials that are coarser and of greater hydraulic
conductivity than the natural formation material. Naturally developed wells and wells with
artificially introduced filter pack are the two basic types of well intake designs for
unconsolidated or poorly consolidated materials.

44.1 Naturally Developed Wells

In naturally developed wells, the formation materials are allowed to collapse around the well
screen. Naturally developed wells can be installed in which natural formation materials are
relatively coarse grained, permeable, and of uniform grain size. It is essential that the grain-size
distribution of the formation to be monitored is accurately determined by conducting a
mechanical (sieve) analysis of samples taken from the interval to be screened. After sieving, a
plot of grain size versus cumulative percentage of sample retained on each sieve is made. Well
screen slot sizes are based on the grain-size distribution, specifically the effective size (the sieve
size that retains 90 percent of the formation material, referred to as D10) and the uniformity
coefficient (the ratio of the sieve size that retains 40 percent of the material or D60, to the
effective size). A naturally developed well can be justified if the effective grain size is greater
than 0.010 inch and the uniformity coefficient is greater than 3.0. Various state agencies (e.g.,
the California Department of Toxic Substances Control [DTSC]) recommend that an artificial
filter pack be used if sieve analysis indicates that a screen slot size of 0.020 inches or less is
required to retain 50 percent of the natural formation. The biggest drawback for naturally
developed wells is the time required for well development to remove fine-grained formation
material.

4.4.2 Artificial Filter-Packed Wells

Filter packs are installed to create a permeable envelope around the well screen. The use of an
artificial filter pack in a fine-grained formation material allows the screen slot size to be
considerably larger than if the screen were placed in the formation material without the filter
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pack. The selection of the filter pack grain size should be based on the grain size of the finest
layer to be screened.

Filter pack grain size and well screen slot size should be determined by the grain size
distribution of the formation material. The filter pack should be designed first. It is
recommended to use a filter pack grain size that is three to five times the average (D50) size of
the formation materials. However, this method may be misleading in coarse, well-graded
formation materials. Another way to determine filter pack grain size is to take the D30 grain size
of the formation materials and multiplying it by a factor of between three and six, with three
used if the formation is fine and uniform and six used if the formation is coarse and non-uniform.
For both methods, the uniformity coefficient of the filter pack materials should be as close to 1.0
as possible (2.5 maximum) to minimize particle size segregation during filter pack installation.

The filter pack should extend from the bottom of the well screen to approximately two to five
feet above the top of the screen to account for settlement of the pack material during
development and to act as a buffer between the well screen and the annular seal. A secondary
filter pack (transitions sand) is sometimes used to prevent annular grout seal materials from
migrating into the primary filter pack. The secondary filter pack should extend at least one foot
above the top of the primary filter pack. It should consist of a uniformly graded fine sand with
100 percent passing a No. 30 U.S. Standard sieve and less than 2 percent by weight passing the
200 sieve.

Filter pack thickness must be sufficient to surround the well screen but thin enough to minimize
resistance to the flow of fine-grained formation material and water into the well during
development. American Society of Testing and Materials (ASTM), Designation D 5092-90,
recommends that a minimum of two-inch thick filter pack between the borehole well and the
well casing (ASTM 1995).

The materials comprising the filter pack should be as chemically inert as possible. It should be
comprised of clean quartz sand or glass beads. Filter pack materials usually come in 100-pound
bags; these materials are washed, dried, and factory packaged.

The size of well intake openings can only be selected after the filter-pack grain size is specified.
The slot size should be such that 90 to 100 percent of the filter-pack material is held back by the
well screen.

The casing string should be installed in the center of the borehole. This will allow the filter-pack
materials to evenly fill the annular space around the screen and ensure that annular seal materials
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fill the annular space evenly around the casing. If a hollow-stem auger or dual-tube rig is used,
the auger or inner tube of the dual tube will adequately centralize the casing string. For other
types of drilling, centralizers should be used to ensure the casing string is positioned in the center
of the borehole. Centralizers are typically expandable stainless steel metal or plastic that attach
to the outside of the casing and are adjustable along the length of the casing. Centralizers are
generally attached at the bottom and immediately above the well screen and at 10- or 20-foot
intervals along the casing to the surface.

Methods for filter pack emplacement include gravity (free-fall), tremie pipe, reverse circulation,
and backwashing. The latter two techniques are not commonly used for monitoring well
construction, since they require the introduction into the borehole of water from a surface source.

Gravity emplacement is only possible in relatively shallow wells with an annular space of more
than 2 inches, where the potential occurrence of bridging is minimized. Bridging can result in the
occurrence of large unfilled voids in the filter pack or the failure of filter pack materials to reach
their intended depth. Gravity emplacement may also cause filter pack gradation. Additionally,
formation materials from the borehole wall can become incorporated into the filter pack,
potentially contaminating it.

With the tremie emplacement method, the filter pack is poured or slurried into the annular space
adjacent to the well screen through a rigid pipe, usually 1.5 inches in diameter. Initially the pipe
IS positioned so that its end is at the bottom of the annulus. If the filter pack is being installed in
a temporarily cased borehole (hollow-stem auger , dual-tube percussion, or air rotary casing
hammer) the temporary casing is pulled to expose the screen as the filter-pack material builds up
around the well screen. In unconsolidated formations the temporary casing should only be pulled
out one to two feet at a time to prevent caving. In consolidated or well-cemented formations or in
cohesive unconsolidated formations, the temporary casing may be raised well above the bottom
of the borehole prior to filter pack emplacement. For deep wells and/or non-uniform filter pack
materials, the filter pack may be pressure fed through a tremie pipe with a pump. Emplacement
should be continuously monitored with a weighted measuring tape accurate to the nearest 0.1
foot to determine when the filter pack has reached the desired height. After reaching the desired
height, the well should be surged for 10-15 minutes, then checked for settling. Add more filter
pack as necessary. Record the volume of filter pack used and check against calculated volume of
annular space. Most well designs also employ a “secondary” filter pack (transition sand) above
the primary filter pack for purposes of reducing bentonite seal and grout migration into the
primary filter pack. If applicable, care must be taken that the filter pack materials are not
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installed into a hydrostratigraphic unit above or below the specific zone that is targeted for
monitoring.

4.5 Annular Seal

Proper annular seal formulation and placement results in the complete filling of the annular
space and envelopes the entire length of the well casing to ensure that no vertical migration can
occur within the borehole.

Annular seal materials may include bentonite, neat cement grout, or variations of both.
Typically, a bentonite seal from 2 to 5 feet thick is emplaced immediately above the filter pack.
The use of bentonite as a sealing material depends on its efficient hydration following
emplacement. Expansion of bentonite in water can be on the order of eight to 10 times the
volume of dry bentonite. This expansion causes the bentonite to provide a tight seal between the
casing and the adjacent formation and between the grout and filter pack. Bentonite is available as
pellets, granules, chips, chunks, or powder. The dry bentonite should be less than one-fifth the
width of the annular space between casing and borehole (ASTM 1995). If the bentonite seal will
be above the saturated zone, several gallons of clean water must be poured down the annulus to
begin the hydration process. A minimum of 30 minutes should pass to allow for hydration before
additional annular seal materials are placed above the bentonite. Bentonite pellets having a
coating to slow the hydration process are not recommended as they have been found to contain
chemicals that may impact water quality.

Powdered bentonite is generally made into a grout slurry to allow emplacement as a bentonite
seal. This grout slurry is prepared by mixing about 15 pounds of a high-solids, low-viscosity
bentonite with seven gallons of water to yield one cubic foot of grout. Once the grout is mixed, it
should remain workable for 15 to 30 minutes. During this time the grout is pumped through a
tremie pipe with a mud or grout pump. Once in place, the bentonite grout requires a minimum of
24 hours to strengthen. In water with a high total dissolved solids (TDS) content (>5,000 parts
per million [ppm]) or a high chloride content, the swelling of bentonite is inhibited.

A neat cement is commonly used to seal the remainder of the annulus. Neat cement is made up
of one 94-pound bag of Portland cement and six gallons of water. The water used to mix the neat
cement should be clean with a TDS less than 500 ppm. Bentonite powder is often added to neat
cement to improve workability and reduce slurry weight and density and to reduce grout
shrinkage. The proportion of bentonite by volume should be three to five percent.
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The cement-bentonite grout should be mechanically blended in an aboveground rigid container
and pumped through a tremie pipe to within a few inches of the bottom of the space to be sealed.
This allows the grout to displace groundwater and loose formation materials up the hole. The end
of the tremie pipe should always remain in the grout without allowing air spaces. After
emplacement, the tremie pipe should be removed immediately. The grout should be placed in
one continuous mass before initial setting of the cement or before the mixture loses its fluidity.

Cement is a highly alkaline substance (pH from 10 to 12) and introduces the possibility of
altering the chemistry of the water it contacts. Thinner slurries may infiltrate an unprotected
filter pack. After a borehole annulus is filled with grout a sample of water may be obtained and
the pH determined in the field. A pH reading of 12 or higher may indicate an invasion of cement
grout into the well.

4.6 Surface Completions

Two types of surface completions are common for groundwater monitoring wells: aboveground
and flush-mounted. Aboveground completions are preferred wherever practical. The primary
purpose of either type of completion is to prevent surface runoff from entering and infiltrating
down the annulus of the well, and to protect the well from accidental damage or vandalism. The
surface seal may be an extension of the annular seal installed above the filter pack, or a separate
seal emplaced atop the annular seal.

For aboveground completions, the drilling subcontractor will construct a concrete apron (3 feet x
3 feet x 0.5 feet) around each well. A protective steel casing fitted with a locking cover is set into
the uncured concrete apron. Concrete aprons will be crowned to provide positive runoff away
from the well. Concrete pads may be constructed within three days after wells have been
installed. If necessary steel guard posts 4-inches in diameter and filled with concrete will be
installed around the pads. Posts will be five feet long and will have a stickup of 2.5 feet above
ground surface and 2.5 feet below ground surface. In a flush-to-ground surface completion, a
water-tight monitoring well Christy box or its equivalent is set into the cement surface seal
before it has cured. This type of completion is used in high-traffic areas. A low, gently sloping
mound of cement will discourage surface runoff. A locking well cap must be used to secure the
inner well casing.
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DISCLAIMER

THE FOLLOWING STANDARD OPERATING PROCEDURE PROVIDES GENERAL
GUIDANCE FOR BRC CONTRACTORS FOR TECHNICAL ISSUES ADDRESSED
DURING ENVIRONMENTAL SITE INVESTIGATION AND REMEDIATION
ACTIVITIES. IT ISNOTED, HOWEVER, THAT EACH SITE IS UNIQUE AND THESE
GUIDELINES ARE NOT A SUBSTITUTE FOR COMMON SENSE AND GOOD
MANAGEMENT PRACTICES BASED ON PROFESSIONAL TRAINING AND
EXPERIENCE. IN ADDITION, INDIVIDUAL CONTRACT TERMS MAY AFFECT
THE IMPLEMENTATION OF THIS STANDARD OPERATING PROCEDURE. BRC
CONTRACTORS RESERVE THE UNRESTRICTED RIGHT TO CHANGE, MODIFY
OR NOT APPLY THESE GUIDELINES IN THEIR SOLE, COMPLETE, AND
UNRESTRICTED DISCRETION TO MEET CERTAIN CIRCUMSTANCES,
CONTRACTUAL REQUIREMENTS, SITE CONDITIONS, OR JOB REQUIREMENTS.
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1.0 INTRODUCTION

The goal of monitoring well development is to remove fines and drilling fluid residue from the
gravel pack and the natural formation in the vicinity of the screened interval, thus assuring good
communication between the aquifer and the well. Well development assures that a sample
collected will be a true representative of the quality of water moving through the formation.

The well development process is composed of the following:

e The application of sufficient energy in a monitoring well to create groundwater flow
reversals (surging) in and out of the well and the gravel pack to release and draw fines into
the well

e Pumping or bailing to draw drilling fluids out of the borehole and adjacent natural formation,
along with fines that have been surged into the well.

2.0 DEFINITIONS
Fines Silt, clay, fine sand.

Parameters Groundwater variables (i.e., pH, specific conductivity,
temperature, turbidity).

Annulus The gap between the well and borehole where the sand, seal, and
grout are installed.

Saturated Annulus The portion of the annulus that is below the aquifer.

Drilling Fluid Any fluid the driller may have added during the drilling of the
borehole.

Purge Water Any water removed from the well via bailing, pumping, or airlift.

Drawdown Distance between the static water level and water level while the

well is being pumped or bailed at a constant rate.

Bridge A wedge or buildup of sand that occurs when the driller is pouring
the sand pack around the screened interval, thus leaving a gap or
"open zone™ where the natural formation could possibly clog the
screen.

Yield The rate at which a well will produce water.
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3.0 RESPONSIBILITIES

The Project Manager or Task Leader (a qualified Nevada Certified Environmental Manager
[C.E.M.]) will select the site-specific development methods, with input from the site geologist or
hydrogeologist and Field Team Leader, and will maintain close supervision of the activities and
progress.

The Field Team Leader/Geologist implements the selected development program and assists in
the selection of development methods.

The Field Technician/Staff carries out the actual well development.

4.0 WELL DEVELOPMENT

41 General

The following general guidelines are applicable to well development regardless of method.

4.1.1 Decontamination

Every effort must be made to avoid outside contamination and the cross-contamination of
monitoring wells. This can best be done by ensuring that all equipment to be introduced into a
well is clean. The level of effort for decontamination is a site- and project-specific issue to be
resolved individually for each project.

4.1.2 Documentation

A critical part of monitoring well development is recording significant details and events in
either a field logbook or on a well development log (Attachment 1). It is important that the
following details be documented.

e Well identification number

e Installation date

e Date and time of development

e Quantity of drilling fluid lost during well installation

e All photoionization detector (PID) readings (Note: see SOP-39 for additional information on
PID principles and procedures.)
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e Measured well depth (pre-development and post-development)
o Water level

e Height of water column

e Pumping rate and water level drawdown (if applicable)

e Recharge rate (poor, good, excellent)

e Periodic parameter readings

e Sample observations

e Type of equipment used

e Total amount of water removed

e Completion time

4.1.3 Calculating Purge Volume

The minimum number of gallons to be removed must be calculated before the development
process begins.

Information needed to calculate purge volume:

e Total depth of well (TD)

e Measured static water level (WL)

e Screen length (SL)

e Well casing inner diameter (ID)

e Borehole Diameter (BD)

e Number of gallons of water used during well drilling/construction

e Number of feet of filter pack installed above the screen, if the standing water column (SWC)
is longer then the screen length

To calculate one well volume:

e Calculate the standing water column (SWC). TD - WL = SWC.
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e Use a well volume chart (Attachment 2) to find a multiplier in the volume per linear foot
column that coincides with the well’s ID.

e SWC times ID multiplier equals gallons of water in one well volume
To calculate one annulus volume (two options):

Option 1 (if the SWC is shorter than the screen length):
e Portion of saturated annulus equals SWC

e Use a volume chart to find a multiplier in the volume per linear foot column that coincides
with the well’s BD

e BD multiplier minus ID multiplier equals annulus multiplier

e Feet of saturated annulus times annulus multiplier times 30 percent (assumed porosity)
equals gallons of water in one annulus volume

Option 2 (if the SWC is longer than the screen length):

e Portion of saturated annulus is equal to the screen length plus the number of feet of sand
above the top of the screen

e Use a volume chart to find a multiplier in the volume per linear foot column that coincides
with the well’s BD

e BD multiplier minus ID multiplier equals annulus multiplier

e Feet of saturated annulus times annulus multiplier times 30 percent (assumed porosity)
equals gallons of water in one annulus volume

To calculate the minimum gallons to be removed:

e Well volume plus annulus volume plus number of gallons lost during well
drilling/construction equals one purge volume

Example for the Development of a 4-inch Well

The Well Construction Log notes that the borehole diameter is 10.25 inches, the screen is 15 feet
long, and the driller used 75 gallons of water during well construction. Measured with a water
level indicator, the static water level is 59.45 feet. Measured with a well tagger, the well depth is
71.21 feet.
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Record in logbook, TD = 71.25 feet
WL = 59.45 feet

TD - WL =SWC
Logbook, SWC = 11.8 feet

From Chart 1 (Attachment 2), the gallons per linear foot multiplier for a 4-inch well is 0.66.
Thus, 11.8 x 0.66 = 7.79 (gallons of water in one well volume).

Logbook, one well volume = 7.79 gallons

From Chart 2 (Attachment 2), the gallons per linear foot for a 10.25-inch borehole is 4.29.
Therefore, 4.29 (BD multiplier) minus 0.66 (ID multiplier) equals 3.63 (annulus multiplier).
Thus, 11.8 x 3.63 x 30 percent = 12.89 (gallons of water in one annulus volume).

Logbook, one annulus volume = 12.89 gallons
drilling fluid lost = 75 gallons

7.79 (one well volume) plus 12.89 (one annulus volume) plus 75 (fluid lost) equals 95.7 gallons
(one purge volume). The work plan states that a minimum of three well volumes must be
removed during development. Additional water may need to be purged to allow the parameters
to stabilize and the water to clear up.

Logbook, one purge volume = 95.7 gallons
95.7 x 3 =287 (minimum number of gallons to be purged).
Logbook, minimum gallons to be purged = 287 gallons

4.2 Development Methods

4.2.1 Bailing, Surging, and Pumping

In relatively clean, permeable formations where water flows freely into the borehole, bailing,
surging, and pumping is an effective development technique. The bottom of the well is first
tagged to measure the amount of sand and silt before and after surging. Then a bailer (Figure 1)
is lowered into the well to clean out any fines that have settled on the bottom. Then a surge block
(Figure 2), approximately the same diameter as the well casing, is used to agitate the water,
causing it to move in and out of the screen, which draws in fines from the gravel pack and
surrounding formation, and breaks up any bridges that may have formed during the placement of
the gravel pack. After surging for a few minutes (depending on the height of the water column
and length of screen), the bailer is again lowered to clean out any fines that were drawn into the
casing as a result of surging. This surge/bail technique should continue until minimal fines are
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being pulled out with the bailer. A submersible pump (Figure 3) is then lowered down the well.
Pumping should begin at the top of the saturated portion of the screened interval to prevent sand
locking. The pump should be lowered at intervals of five feet or less until the pump is resting
approximately one foot from the bottom of the casing. The water level must be monitored
continuously during the first few minutes of pumping to prevent drawing the water level below
the pump intake and breaking the suction. If possible, the discharge flow rate should be
increased until the well is pumping at its maximum yield without a drawdown beneath the pump.

Top for
variable capacity
St;ndard point source
bailer bailer of PVC

of Teflon®

Retaining
pin
Ball
check
Standard
[ ——— bailer
of PVC
Sample
chamber
1 Foot
midsection
may be added
here
Bottom
— emptying e
devica Rletalmng
pin
Ball check
Figure 1 Bottom Discharge Bailer
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Pressure-

Rubber relief

wooden
disc

Figure 2 Surge Block

Figure3  Submersible Pump

\ -~ 7 SOP-03 Revision 2

Basic Remediation

COMPANY



BMI Common Areas, Clark County, Nevada SOP-03 Groundwater Monitoring Well Development
BRC Standard Operating Procedures August 2007

4.2.2 Overpumping and Backwashing

Wells may be developed by overpumping (pumping or bailing the well at a rate that exceeds the
ability of the formation to deliver water) and then reversing the flow direction (backwashing) so
that the water is passing from the well into the gravel pack and formation. This back and forth
movement of water through the well screen and gravel pack removes fines from the formation
immediately adjacent to the well, while preventing bridging (wedging) of sand grains.
Backwashing can be accomplished by several methods including pouring water into the well and
then bailing, or forcing water into the well under pressure through a water-tight fitting. Care
should be taken when backwashing not to apply too much pressure, which could damage or
destroy the well screen. Where no backflow prevention valve is installed, a pump can be
alternately started and stopped. This starting and stopping allows the column of water that is
initially picked up by the pump to be alternately dropped and raised in a surging action. This
surge tends to loosen the bridging of the fine particles, drawing them into the well where they are
pumped out.

4.2.3 Compressed Air

Compressed air can be used to develop a well by either backwashing or surging. Backwashing
forces water out through the screens, using increasing air pressure inside a sealed well, then
releases the pressurized air to allow the water to flow back into the well. Care should be taken
when using this method so that the water level does not drop below the top of the screen, thus
reducing well yield. Surging, or the "open well" method, consists of alternately releasing large
volumes of air into an open well below the water level to produce a strong surge by virtue of the
resistance of water head, friction, and inertia. The well is subsequently pumped using the air lift
method.

4.2.4 Developing Wells with Floating Product

It is important to disturb the formation as little as possible in wells that contain floating product.
Surge blocks should not be used as they may smear the screen and the casing when the block is
being withdrawn, potentially leaving evidence of product and increasing the risk of faulty data.
Product wells should be developed using a bail/pump method. A bailer should be lowered gently
into the well, without agitating the water column, to remove any fines that have settled on the
bottom. If the well produces sufficient water, a pump is lowered into the well and pumping
started at a slow flow rate. The product/water level is manually monitored constantly for the first
few minutes to prevent the product level from coming within 2 feet of the pump intake. Pumping
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is continued until at least the quantity of drilling fluid lost has been purged, the parameters have
stabilized, and the discharge water is visibly clear.

4.2.5 Developing Wells in Tight Formations

Developing low-yield wells is a very lengthy process; the amount of time spent developing a low
yield well is project-specific and should be resolved individually for each project. For wells
installed in clay or fine-grained silt, the method of development should be bailing only. Surging
of such wells has been found to substantially increase the turbidity of the water and does not
significantly improve hydraulic well response. These wells should be bailed dry and a record
kept of the time it takes for the well to recharge 80 percent.
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MONITORING WELL DEVELOPMENT/SAMPLING FORM
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ATTACHMENT 2
VOLUME CHARTS



Chart 1 — Volume of PVC Casing

Schedule D_iameter _ oD _ ID Volume/LF
(inches) (inches) (inches) (gallons)
40 1.25 1.660 1.380 0.08
40 2 2.375 2.067 0.17
40 3 3.500 3.068 0.38
40 4 4,500 4,026 0.66
40 6 6.625 6.065 1.50
40 8 8.625 7.981 2.60
40 12 12.750 11.938 5.82
80 2 2.375 1.939 0.15
80 4 4,500 3.826 0.60
80 5 0.00

Chart 2 — Volume of Open Borehole and Annulus Between Casing and Hole

Hole Ngg;ilggl 4.2.5.1 Volume/Linear Feet
Diameter | Volume/Linear Feet of Hole | Diameter of Annulus
(inches) (gallons) (cubic feet) (inches) (gallons) (cubic feet)
7.25 2.14 0.29 1.3 2.08 0.28
7.25 2.14 0.29 2.0 1.98 0.26
7.75 2.45 0.33 2.0 2.29 0.31
8.25 2.78 0.37 2.0 2.61 0.35
10.25 4.29 0.57 2.0 4.12 0.55
8.25 2.78 0.37 3.0 2.41 0.32
10.25 4.29 0.57 3.0 3.92 0.52
12.25 6.12 0.82 3.0 5.76 0.77
8.25 2.78 0.37 4.0 2.12 0.28
10.25 4.29 0.57 4.0 3.63 0.49
12.25 6.12 0.82 4.0 5.47 0.73
12.25 6.12 0.82 6.0 4.65 0.62
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DISCLAIMER

THE FOLLOWING STANDARD OPERATING PROCEDURE PROVIDES GENERAL
GUIDANCE FOR BRC CONTRACTORS FOR TECHNICAL ISSUES ADDRESSED
DURING ENVIRONMENTAL SITE INVESTIGATION AND REMEDIATION
ACTIVITIES. IT ISNOTED, HOWEVER, THAT EACH SITE IS UNIQUE AND THESE
GUIDELINES ARE NOT A SUBSTITUTE FOR COMMON SENSE AND GOOD
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EXPERIENCE. IN ADDITION, INDIVIDUAL CONTRACT TERMS MAY AFFECT
THE IMPLEMENTATION OF THIS STANDARD OPERATING PROCEDURE. BRC
CONTRACTORS RESERVE THE UNRESTRICTED RIGHT TO CHANGE, MODIFY
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\
B\ ] SOP-04 Revision 2

Basic Remediation

COMPANY



BMI Common Areas, Clark County, Nevada SOP-04 Aquifer Testing Methods
BRC Standard Operating Procedures August 2007

1.0 INTRODUCTION

Accurate estimates of the hydraulic properties of an aquifer are a fundamental component of the
site characterization process. This Standard Operating Procedure (SOP) details four aquifer test
methods that are commonly implemented to help characterize an aquifer, and evaluate the
performance characteristics of a pumping well. Aquifer parameters can be estimated by
employing either in situ or ex situ methods. Ex situ methods involve collecting soil samples and
testing in a geotechnical lab.

e Slug Tests

e Pumping Tests
— Step-Tests
— Constant Discharge Tests
— Recovery Tests

In situ methods involve determining the hydraulic characteristics of the aquifer by applying a
stress to the aquifer and recording the response to that stress through time. This guideline only
considers in situ testing. These data can then be used in standard well flow equations to
determine the hydraulic parameters of the aquifer and the pumping well. Because in situ methods
involve testing a larger portion of the aquifer, they are generally considered more accurate than
ex situ (laboratory) soil permeability testing. Furthermore, the process of collecting a soil sample
inadvertently changes the soil matrix somewhat.

Each method has certain applications, effort requirements, costs, risks, and limitations. These
factors must be evaluated based on the project goals, design requirements, long-term planning,
budget, schedule, and regulatory concerns. Additionally, aquifer testing may be conducted in
several phases involving one or more of the methods. This iterative approach may be very
effective as the aquifer testing program can be tailored to meet the project needs as the site
characterization or basin study evolves.

Aquifer tests are typically conducted during the site investigation, although they may be
performed at any phase of the closure process. A great deal of care must be given to data
collection methods and data analysis for aquifer tests, as the findings will subsequently be used
for long-term resource planning, engineering design, and capitol expenditures. The findings from
an aquifer testing program may ultimately be used for several important purposes, including the
following:
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e The development of the site conceptual hydrogeologic model. Aquifer testing provides a
mechanism to quantify and incorporate aquifer parameters into the conceptual model.

e Input to analytical solutions such as Darcy’s Equation for calculation of groundwater seepage
velocity.

e Parametric data for input to numerical groundwater flow models and associated solute
transport models.

e Use in the development of groundwater extraction scenarios for hydraulic containment
and/or groundwater contaminant mass removal.

e Use in wellhead protection studies, determination of the zone of influence and zone of
contribution for production wells, and other groundwater basin studies.

2.0 DEFINITIONS

Various physical properties and hydraulic parameters of aquifers and aquitards appear in the
equations that describe groundwater flow, and are therefore significant in aquifer testing studies.
A working understanding of the hydraulic principles involved in aquifer testing is an essential
component of aquifer analysis. A brief definition of terms that are used in this aquifer testing
SOP are therefore provided below:

Hydraulic Conductivity A constant of proportionality that describes fluid flow through a
porous media (see Darcy's Law, below). Hydraulic conductivity
(K) is a function of the permeability of the media and of the
physical properties of the fluid. Hydraulic conductivity has the
units of length/time. In a groundwater setting, the physical
properties of the water are considered relatively constant, and
therefore hydraulic conductivity can be considered a function of
the porous media. For this reason, the terms permeability and
hydraulic conductivity are often used interchangeably for
groundwater settings. It is important to note that hydraulic
conductivity varies over 13 orders of magnitude for earth materials
(Freeze and Cherry, 1979).

Darcy's Law States that the rate of flow through a porous medium is
proportional to the loss of head, and inversely proportional to the
length of the flow path, or

(eq. 1) v = K(dh/dl)

where,
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Q/A, which is the specific discharge, also known as the
Darcy velocity or Darcy flux, (length/time)

\'

Q = the volume rate of flow (length3/time)

A = the cross sectional area normal to flow direction
(length2)

dh/dl = describes the aquifer hydraulic gradient (Ilength/length)

K = describes the hydraulic conductivity, detailed above

Equation 1 may be rewritten as:
(eq. 2) Q = K(dh/dhA

It is noted that the specific discharge is in velocity units of
length/time. It is important to note this is a macroscopic concept,
and must be differentiated with microscopic (real) flow velocities,
which consider the porosity of the medium, as

(eq.3) V= K(dh/dl)

n

where "n" is the effective porosity of the media, and V is the
“seepage” velocity.

Transmissivity (T) The product of the hydraulic conductivity (K) and the aquifer
thickness (b).

(eq. 4) T=Kb

Transmissivity may vary significantly due to spatial variations in
both the thickness and conductivity of the aquifer. Transmissivity
carries the units length?/time. For confined aquifers, b is the
thickness of the confined zone. For unconfined aquifers, b is the
thickness of the saturated portion of the aquifer.

Total Head The sum of the elevation head, the pressure head, and the velocity
head at any given point in an aquifer.

Potentiometric Surface An imaginary surface connecting points to which water would rise
in cased wells from a given point in an aquifer (Lohman, 1979). It
may be above or below the ground surface. The water table is a
particular potentiometric surface for unconfined aquifers.
"Potentiometric” is preferable to the term “piezometric” used by
many in the past (Figure 1).
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Figure {.1 Different types of aquifers
A. Confined aqufer
B. Unconfined aquifer
C. and D. Leaky aquifers
E. Muiu-iayered leaky aquifer

Figure 1 Different Types of Aquifers
(after Kruseman and de Ridder, 1991)
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Static Water Level

Specific Capacity

Drawdown
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The storativity of a confined aquifer is the volume of water
released from storage per unit surface area per unit decline in head.
For confined aquifers, stored water is released via aquifer
compression and expansion of water. In an unconfined (water
table) aquifer, the storativity is equivalent to the specific yield.
Also known as the storage coefficient. The storativity is
dimensionless and typically ranges from 5x 10> to 5x 10°
(Kruseman and de Ridder, 1991).

The specific yield is the volume of water released from an
unconfined aquifer from storage per unit surface area of the aquifer
per unit decline in the water table. Also known as the unconfined
storativity, effective porosity, or drainable pore space. The specific
yield is unitless and typically ranges from 0.01 to 0.3 (Kruseman
and de Ridder, 1991).

The non-pumping, stabilized water level in a cased well. Usually
recorded in the field as depth to water below a datum such as the
top of casing (TOC). This term is usually reported in feet mean sea
level.

The specific capacity is defined as the discharge rate per unit
length of drawdown for a pumping well. Typically expressed in
gallons per minute (gpm) per foot of drawdown.

The amount of water level decline in a well and aquifer due to
pumping. Usually measured and reported in terms of feet of
drawdown relative to static (non-pumping) conditions (s' by
convention) (Figure 2).

otezomerer piezorheter

original potentiometric surface
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Figure 2

Hydraulic Components of Aquifer Studies

(after Kruseman and de Ridder, 1991)
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Residual Drawdown Once a pump is shut off during a pumping test, water levels in the
pumping well and observation wells or piezometers will rise. This
rise in total head results from the principle of superposition, and is
commonly known as residual drawdown (s' by convention). It is
expressed as the difference between the static water level and the
water level at time t' after the cessation of pumping (Figure 3).

t —-—
UV
0 0

-

w

—<—w

residual prawdown
{decreasing with time)

{increasing with time)

drawdown

F- pumping period * recovery period —H

Figure 3 Time Drawdown and Residual Drawdown

3.0 RESPONSIBILITIES

The Project Manager or Task Manager (a qualified Nevada Certified Environmental Manager
[C.E.M.]) is responsible for the following:

e Selecting aquifer testing methods (with assistance from the project team)

e The preparation of groundwater pumping and regulatory interaction, appropriate permitting,
and treatment of contaminated groundwater (if necessary)

e Coordinating the project team and ensuring access to necessary staffing and equipment
resources
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The Project Hydrogeologist or Engineer is responsible for the following:

e Successful completion of the testing program in a technically sound manner

e The design of the testing methods, data acquisition methods, and data analysis
e Having thorough understanding of the site hydrogeology to the extent known

e Having knowledge and extensive experience using field instruments and equipment, such as
pressure transducers, continuous data loggers, pumps, flow gauges, and meters

e Having knowledge in the areas of well hydraulics and aquifer mechanics

e Data reduction and analysis using regulatory agency and industry accepted standards of
practice.

e Serving as Field Team Leader for pumping tests

The Field Team Leader/Geologist is responsible for the following:
e Coordinating logistical aspects of the testing program

e Accurate and precise data collection by all field team members
e Assisting in the design of the aquifer testing program

e Having working knowledge of equipment and instruments used in testing methods
implemented

The Project Staff assists in data acquisition and data reduction, in designing the aquifer testing
method, and with data analysis.

4.0 AQUIFER TESTING METHODS

As noted above, slug tests, step-tests, pumping tests, and recovery tests have different
applications and limitations. In general, step-drawdown tests, constant rate pumping tests, and
recovery tests that incorporate observation wells require pumping groundwater from an aquifer,
and are therefore most feasible for relatively high transmissivity zones, such as alluvial sand and
gravel aquifers, or extensively fractured aquifers. In these types of aquifers, a long-term pumping
test is the most accurate means of evaluating aquifer properties, and for evaluating other aquifer
properties such as boundary conditions, heterogeneity, and anisotropy.
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With zones having sufficient transmissivity, pumping rates can be achieved that will create
significant drawdown in observation wells. Conversely, pumping tests are less effective, or even
infeasible, in units having low transmissivity (e.g., clays and silts) because sufficient extraction
rates cannot be achieved. For low transmissive zones, the preferred aquifer test method is a slug
test, described below.

4.1 Slug Testing

4.1.1 The Principle - Slug Testing

Slug testing involves introducing or removing a "slug" of known volume into a well and
recording the water level changes that result from either the instantaneous insertion or
instantaneous withdrawal of the slug. The rate of recovery observed in the well is a function of
the hydraulic conductivity of the aquifer and of the well hydraulic properties itself.

4.1.2 Assumptions and Limitations of Slug Testing

Slug tests stress only a small portion of the aquifer adjacent to the well, and therefore, slug tests
are incapable of evaluating hydrogeologic boundary conditions, hydraulic anisotropy, storage
coefficients, and pumping characteristics of the well. However, slug tests commonly provide a
cost-effective means of gathering "point” values for hydraulic conductivity across a large area.
Slug tests are commonly considered as a first step in characterizing an aquifer because of the
relative low cost and effort requirements. Additionally, slug tests do not generate large volumes
of groundwater, and therefore the method is often used to initially characterize water-bearing
zones beneath hazardous waste sites, where disposal options of contaminated groundwater may
be limited or costly.

It is important to note that slug tests do not provide adequate information regarding the hydraulic
characteristics of a pumping well. Additionally, because of the small stress applied to the
aquifer, data may be influenced by drilling methods (borehole skin effects), well construction,
and development procedures. Slug tests alone cannot provide accurate information regarding
boundary conditions, anisotropy, or storage coefficient data, and are therefore not useful for
predicting steady-state drawdowns resulting from any given hypothetical pumping scenario. The
development of long-term groundwater extraction scenarios, such as in most modeling studies,
should therefore not be based solely on slug test data, but require more sophisticated and costly
tests such as pumping tests, if feasible.
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4.1.3 Slug Insertion (Falling Head) Approach

If a slug is rapidly inserted into the water column in a well, it will instantaneously raise the water
column in the well. The amount of head change is defined as the instantaneous head (Ho). The
water column will then "fall” to the static water level at a rate that is controlled by the hydraulic
characteristics of the water-bearing formation and of the well itself. The slug insertion method is
also known as a "falling head" test for this reason (Figure 4).

414 Slug Withdrawal (Rising Head) Approach

A second approach, the slug withdrawal method, requires submersing the slug in the water
column within a well and allowing the water level to stabilize to static conditions. The slug is
then rapidly withdrawn from the well. After the slug is withdrawn from the well, the
instantaneous water level will be at a level that is lower than the static water level. The rate at
which the water levels recover to static water levels is a function of the aquifer properties and of
the well itself. This method is also known as a "rising head" test (Figure 4).

|

| XX
water tevei in weil
at time 1q.=0]

‘water levet:
atumet >to
%

L& original potentiometric surface

aquictuge: e—2r o

aquifer - | .-

IXX'X
agusciude
XX X

geometry of sing insertion (falling head) method
r.= radins of weil r.=radins of casing

h,= instantaneous drawdown from siug at time = 0

note: geomerry for siug withdrawal (rising head test) differs only
siightly from the above diagram for siug insertion method. For a
slug withdrawal test, at time = T, the H, value will be below the
original (static) wazer level, i.e., geometry for rising head is a
mirror inage of a falling head test.

Figure 4 Components of Slug Testing
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Both methods can be used in series during a slug testing program. The slug insertion method
may be followed by the slug withdrawal with relative ease. However, if a slug insertion method
is chosen for unconfined aquifers, groundwater will be displaced above the water table and into
the unsaturated sand filter pack of the well and the formation itself. It is noted that the hydraulic
conductivity of the soils overlying the water-bearing zone may differ from those of the aquifer.

Additionally, hydraulic conductivity of unsaturated soils varies as a function of moisture content.
For these reasons, only the slug withdrawal method should be used in unconfined or
semiconfined aquifers. If the static water level is within the screened interval of the well that is
being tested, a slug withdrawal method should be chosen for aquifer analysis.

4.1.5 Selection of the Slug

Several different types of slugs may be used for the test, including:

e Solid (blank) polyvinyl chloride (PVC) pipe filled with sand and fitted with an eye bolt at
one end to affix a bailing line

e Stainless steel or Teflon™ bailers

e A slug of water of known volume

Introduction of a slug of water (usually distilled, organic-free water) may not be feasible due to
regulatory restrictions. In addition, it is generally considered infeasible to "instantaneously"
withdraw a slug of water using a pump. The withdrawal of a slug of water is limited to the use of
bailers. The most common slug test involves the use of solid pipes (either slug insertion or
withdrawal methods) or use of bailers (slug withdrawal only).

An additional slug testing method involves applying a pressure or vacuum to the well head and
measuring changes in water levels that result following the removal of the pressure. This method
requires specialized well fittings, generators, and compressors. Details of the method are
provided in Kruseman and de Ridder (1991) (Oscillation Method, p.238), and are not included in
this SOP.

The remainder of this SOP focuses on slug tests conducted using a solid slug, although the
general methods for slug tests analyses do not vary significantly if other types of slugs are used
for the test.

A large slug will stress the aquifer to a greater degree than a small slug, and therefore the size of
the slug should be maximized based on field conditions. Three-foot Teflon bailers or sections of
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solid pipe can be threaded together to optimize slug volume. The size of the slug is limited only
by the standing water column in the well and physical limitations in one's ability to
instantaneously insert or withdraw the slug.

4.1.6 Required Equipment

Slug. Solid pipe may be used for slug insertion or withdrawal. Bailers may be used for slug
withdrawal only. The slug volume should be maximized based on field conditions. Different
length slugs capable of threading together should be brought to the field to provide flexibility to
the program. A typical slug used for a 2-inch diameter monitoring well may be 1.5 inches in
diameter and 6 to 10 feet in length. The volume of the slug used for each test must be recorded in
the field notes.

Bailing Line. Used for rapidly lowering and raising the slug into the water column. Deep wells
may require the use of the winch on a smeal rig.

Water Level Indicator. Instrument used for measuring static water levels. A conductivity-based
water level indicator capable of measuring to 0.01-foot accuracy is required.

Pressure Transducer. Device installed in the well below the slug that is capable of continuously
providing very accurate water level measurements. The transducer will be connected to a
continuous data logger (described below). Transducers are available in different pressure (and
accuracy) ranges. Higher pressure range transducers are less accurate than lower pressure range
transducers. The transducers should never be lowered into a water column below the operating
pressure range of the transducer. As a rule, a multiplier of 2.3 can be used to estimate the
maximum total amount of water above a traducer, i.e., a 10-psi transducer can have 23 feet of
water above, a 50-psi transducer can have 106 feet of water above, etc. For example, if a 10-psi
traducer is installed at the bottom of the well with 100 feet of water above it, it will no longer
function properly, and must be returned to the manufacturer for recalibration.

The transducer only needs to record the change in water levels imparted by the slug, and
therefore should be installed immediately below the total depth of the slug. A 10-psi transducer
is capable of measuring up to 23 feet of change in water levels to 0.01-foot accuracy, and is the
recommended transducer for slug tests. Transducers should never be lowered to the bottom of
the well because they operate improperly if lowered into sediment. The target depth of the
traducer should be identified prior to lowering into the well, and the traducer cable marked with
duct tape to ensure that the transducer is not lowered too deep.
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Data Logger. This device is a small field computer capable of recording a wide range of physical
measurements such as pressures, temperatures, electrical conductivities, and flow. For aquifer
analysis, we are generally interested in recording pressure (feet of water in the well). The data
logger converts the pressure value sent by the traducer into feet of water above the traducer, and
records the values in its memory. The data can then be downloaded from the logger to personal
computer.

It is noted that each traducer has specific parameters that must be input to the data logger to
make the appropriate conversions from pressure units to feet. The person operating the data
logger must be properly trained and have sufficient experience with the instruments to eliminate
compromising or even loss of slug test data. The owner’s manual must be consulted before
using.

Common models are the Hermit 3000 (multi-channel, very user friendly), Hermit 2000, and
Hermit 1000 (2-channel, less friendly), and most recently the mini-TROLL, which is a
combination logger and transducer.

Duct Tape. Used to affix the transducer cable to an immobile object such as the top of the well
casing.

Health and Safety Equipment. Based on the requirements of the facility health and safety plan.
Decontamination of all down-hole equipment must follow site-specific decontamination
procedures.

4.1.7 Personnel Requirements

Slug testing generally requires a two-person team. One person prepares and rapidly inserts or
withdraws the slug and collects water level measurements manually. The second person operates
the field instruments, and double -checks the quality of the data.

Background conditions that may influence water levels during the test, such as weather
conditions, nearby soil vapor extraction systems, or groundwater extraction systems, should be
evaluated. Monitoring of water levels in a background monitoring well that is screened in a
representative water bearing unit should be performed.

4.1.8 Slug Insertion Test Methods

1. Remove the well head expansion cap and allow the well to equilibrate to atmospheric
conditions.
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2.

Record the static water level using a conductivity-based water level indicator. Sound the
well. Note potential sediment at bottom.

Determine the appropriate depth of 10-psi traducer. This will generally be between 10 and 20
feet below the static water level, or above potential sediment at bottom of shallow wells.
Affix duct tape to traducer cable to indicate the target depth below TOC.

Lower a 10-psi transducer to the target depth. The transducer and transducer cable must hang
plumb in the well to minimize entanglement with the slug. Duct tape the transducer cable to
an immovable object such as the TOC, Christy box, or stovepipe. Allow the well to
equilibrate to static water levels.

Connect the pressure transducer to a continuous data recorder. Input the required transducers
parameters and other test parameters in the data logger (consult manual). The data logger
will typically ask whether you wish to record water levels below the TOC or surface. Surface
refers to a static water level datum. This means that when the instrument is "referenced", it is
"zeroed" to the static water level, and will therefore measure changes relative to static water
level. Water levels above static water levels will be recorded as positive, and water levels
below static will be recorded as negative values. The slug test requires only measuring the
change in head associated with slug insertion or withdrawal. The *surface mode™ is
therefore the desired data logger ""mode™ for slug testing. TOC refers to measuring the
absolute value (i.e., total head) of the water level relative to the TOC datum. This
unnecessary step may introduce error in the field, and is therefore not recommended for slug
testing. An accurate record of all input parameters and field observations must be included in
a field aquifer test log.

"Zero" the pressure traducer/data logger to static water levels. Confirm static levels with a
water level indicator. At this point, you are nearly ready to begin the test. The data logger
should be set to begin the test in the "immediate™ mode (i.e., no time delay). The data logger
should be set to record water levels as frequently as possible within the first couple of
minutes (the "log" mode is recommended).

Affix a bailing line to the slug. To accurately complete the test, the slug will require
complete submersion in the well. Record the volume of the slug in the field log. Determine
the total depth required to submerse the slug. A piece of duct tape may be used to identify the
desired length. One person should handle the slug, and one person should handle the data
logger. The slug should be lowered to a “ready™ position immediately above the static water
level. The slug must not be tangled with the transducer cable.

This is the critical step. On a predetermined count, one person must rapidly (but gently)
lower the slug to total submersion while the second person triggers the data logger to begin
recording water levels. The slug must remain motionless once it has been lowered into the
well. The bailing line for the slug must be tied to an immovable object (e.g., truck tailgate)
once the slug is submerged. It is recommended that the data logger be allowed to complete its
logarithmic data recording cycle (approximately 2-3 minutes) prior to confirming water
levels with a water level indicator. Wells screened within low to moderately transmissive
aquifers may require from 30 seconds to several minutes or even hours to recover to static
water levels. If the well recovers within a few seconds, it is likely that the well is screened
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within a moderate to high transmissivity zone, and therefore the slug test method is likely not
an appropriate test method for determination of aquifer properties.

The slug injection test is completed when the water level recovers to 90 to 100 percent of
static water levels. In many instances, the final few tenths of a foot of recovery may require a
significant amount of time (hours). The field team should use their best judgment regarding
when to terminate the test. For nearly all methods of data analysis, the last data points are as
significant as the initial data points, and the validity of the tests should not be compromised
due to impatience of field team members. In many cases, the team can be setting up the next
test on a different well while the previous well completes its recovery.

Once the well has equilibrated to 90 to 100 percent (or nearly 100 percent) of static water
level, the test can be terminated by stopping the data logger. However, at this time, it would
be advantageous to initiate a slug withdrawal test (see item No. 4 below). This may be
accomplished by either "stopping™ the insertion test, or “stepping” the test by using the
"Step” function of the data logger. The original input parameters remain unchanged if you
choose to use the "Step™ function or stop and start function. Both methods involve restarting
the "log cycle" for the data logger (highly desirable for the early time data). An accurate
record of test numbers and step numbers must be included in the field logs.

4.1.9 Slug Withdrawal Test Methods

Remove the well head expansion cap and allow the well to equilibrate to atmospheric
conditions.

Record the static water level using a conductivity-based water level indicator. Sound the
well. Note potential sediment at bottom.

Determine the appropriate depth of a 10-psi traducer. This will generally be between 10 and
20 feet below the static water level, or above potential sediment at bottom of shallow wells.
Affix duct tape to traducer cable to indicate the target depth below TOC.

Lower a 10-psi transducer to the target depth. The traducer and traducer cable must hang
plumb in the well to minimize entanglement with the slug. Duct tape the transducer cable to
an immovable object such as the TOC, Christy box, or stovepipe. Allow the well to
equilibrate to static water levels.

Connect the pressure transducer to a continuous data recorder. Input the required transducers
parameters and other test parameters in the data logger. The data logger will typically ask
whether you wish to record water levels below the TOC or surface. Surface refers to a static
water level datum. What this means is when the instrument is "referenced", it is "zeroed" to
the static water level, and will therefore measure changes relative to static water level. Water
levels above static water levels will be recorded as positive, and water levels below static
will be recorded as negative values. The slug test requires only measuring the change in head
associated with slug insertion or withdrawal. The "*surface mode™ is therefore the desired
data logger ""mode"" for slug testing. TOC refers to measuring the absolute value (i.e., total
head) of the water level relative to the TOC datum. This unnecessary step may introduce
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error in the field, and is therefore not recommended for slug testing. An accurate record of all
input parameters and field observations must be included in a field log.

6. Lower the slug into the water column so the slug is fully submerged. For this test, tie the slug
bailing line to an immovable object and allow slug to remain motionless in the well. Ensure
that the slug is not entangled with the transducer or transducer cable.

7. Allow the well to equilibrate to the static water level. The well will recover most quickly if a
bailer is used for the slug. A solid pipe slug will require a longer recovery period. Verify that
the well has equilibrated to static water level with a water level indicator.

8. This is the critical step. On a predetermined count, one person must rapidly (but gently)
retrieve the slug from the well while the second person simultaneously triggers the data
logger to begin recording water levels. Remove the slug from the well while making sure not
to disturb the transducer cable. As stated above, it is recommended to allow the data logger
to complete its logarithmic data recording cycle (approximately 2-3 minutes) prior to
confirming water levels with a water level indicator. Wells screened within low to
moderately transmissive aquifers may require from 30 seconds to several minutes or hours to
recover to static water levels. If the well recovers within a few seconds, it is likely that the
well is screened within a moderate to high transmissivity zone, and therefore the slug test
method is likely not an appropriate test method for determination of aquifer properties.

It is recommended that two slug tests be conducted for each well for data verification purposes.
Most data loggers will allow the user to view the data or even download the data to a field
printer or field PC. Data should be reviewed in the field following completion of the test to
ensure that the transducers and data logger are functioning properly.

The initial head values (Ho) that result from instantaneous withdrawal or injection of the slug
should be evaluated against the maximum theoretical drawdown. This can easily be completed
by calculating the volume of the slug and converting volume of the slug to volume of water in a
well. The well volume can then be converted to feet of water in the well column. The following
is an example calculation:

Hypothetical slug size: 1.5-inch outer diameter (OD) x 120-inch length = 212.1
cubic inches (in.%)

Conversion to gallons: 212.1in.* x (0.004329 gallons/in.®) = 0.92 gallons

Conversion to feet (assumes a

2-inch inner diameter (D) well): 0.92 gallons x (1 foot/0.16 gallons) = 5.75 feet

Therefore, using a slug that is 1.5 inches in diameter and 120 inches (10 feet) in length, the
maximum anticipated change in water level with respect to static levels (Ho) would be 5.75 feet.
This should be evaluated against the maximum head change observed in the field. Significantly
different (greater than 20 to 30 percent) values may indicate that the transducers or data loggers
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are not functioning properly. Other possibilities are that the slug is not being inserted or
withdrawn rapidly enough, or that the timing between the "trigger" operator and the "slug"
operator is off. These factors should be evaluated and resolved prior to conducting additional
slug tests.

One way to avoid timing problems at the start of the test is to set the logger monitoring before
the test at 10-second intervals, and then have it automatically increase the duration of the
interval. However, be sure that the data logger has enough memory to handle the quantity of
data.

Data loggers generally have sufficient memory to record an entire day of slug testing. The data
logger should be downloaded daily to minimize the risk of losing the slug testing data. An
electronic and hard copy should be kept for records.

4.2 Overview of Pumping Tests

This section provides details on the elements of pumping tests.

4.2.1 The Principle - Pumping Tests

Several different types of pumping tests can be conducted to determine aquifer properties,
although the fundamental principles of all tests are similar. The principle of a pumping test
involves applying a stress to an aquifer by extracting groundwater from a pumping well and
measuring the aquifer response to that stress by monitoring drawdown as a function of time in
the pumping well and/or observation wells or piezometers at known distances from the well.
These measurements are then incorporated into an appropriate well-flow equation to calculate
the hydraulic characteristics of the aquifer and pumping well.

4.2.2 General Assumptions and Limitations for Pumping Tests

Numerous different types of pumping tests and well-flow equations exist that may be
implemented for nearly all hydrogeologic settings. Each method has a different set of limitations
and assumptions. For unusual tests and hydrogeologic settings, see Kruseman and de Ridder
(1991). Different assumptions and limitations exist for confined, semiconfined (leaky), and
unconfined (water-table) aquifers. In general, the following assumptions apply to most well-flow
equations and hydrogeologic settings:
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e The aquifer is of infinite areal extent.
e The aquifer is of uniform thickness and infinite in areal extent.

e Prior to pumping, the potentiometric surface is horizontal (or nearly so) over the area that
will be influenced by the pumping test.

e The aquifer is pumped at a constant discharge rate, or for variable discharge rate tests, the
rate is known.

e The pumping well fully penetrates the entire thickness of the aquifer and thus receives water
by horizontal flow.

Groundwater and Wells (Driscoll, 1986) provides practical guidelines on how to set up and
interpret data from aquifer tests.

4.2.3 Pumping Test Method Selection

The overall approach, including capabilities, limitations and assumptions, for three types of
pumping tests—Step Tests (variable discharge tests), Constant Discharge Pumping Tests, and
Recovery Tests—is detailed in this section,.

Step Tests. Involves pumping from a single well at a relatively low rate until drawdown has
stabilized. The pumping rate is then increased to a higher discharge rate until drawdown again
stabilizes. This procedure is continued for at least three steps. Each step is typically 20 to 40
percent greater than the previous step, with a duration of typically 30 minutes to 120 minutes
(Kruseman and de Ridder, 1991; Driscoll, 1986).

In general, step-tests are relatively short duration tests that are capable of providing general well
performance characteristics and aquifer transmissivity and storativity near the pumping well. A
step-test provides specific capacity data, and should always be conducted prior to a long-term
pumping test if no previous pumping data for the well exist. Step-tests are generally considered
less effective for determining hydraulic anisotropy, leakage between layers, boundary conditions
and recharge areas than long-term pumping tests.

Constant Discharge Pumping Test. Involves pumping from a well at a continuous, known,
constant discharge rate over an extended period of time. This type of test typically involves
monitoring drawdown in several observation wells or piezometers, although the test may also be
performed as a single-well test. Long-term, constant discharge pumping tests are the most
accurate means of evaluating aquifer hydraulic properties. If properly designed and conducted,
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these types of aquifer tests are capable of evaluating transmissivity, storativity, aquifer
anisotropy, leakage from overlying or underlying layers, boundary effects, recharge areas, etc.
Additionally, well performance characteristics such as well capacity, well yield, and well
efficiency may be determined using a constant discharge pumping test.

Recovery Test. Constant discharge tests and step tests should generally be followed by a
recovery test. A recovery test measures the residual drawdown (s') following the pumping test.
The recovery test provides the data required to calculate the transmissivity of the aquifer, thus
providing an independent check on the results of the pumping test while costing very little in
terms of the total cost of the pumping test (Freeze and Cherry, 1979; and Kruseman and de
Ridder, 1991). A recovery test is invaluable if the pumping test is performed without the use of
piezometers or observation wells to evaluate potential borehole storage effects of the pumping
well. Additionally, residual drawdowns are more reliable than drawdowns measured during
pumping due to difficulties in the field of maintaining absolutely constant discharge from a
pumping well (i.e., all pumps have a level of discharge variability). It should be noted that
recovery tests may be difficult to evaluate if non-ideal conditions exist in the aquifer-such as
leaky or boundary conditions.

4.2.4 Equipment Requirements

Electric Submersible Pump. Must be capable of pumping for extended periods at a constant
discharge rate. Discharge pipe or hose should be fitted with a valve to provide the ability to
adjust flow. The accuracy of the flow meter along with the operational range must be verified
and recorded. Adjusting the discharge rate by adjusting the speed of the pump is less desirable
than use of a valve. An exception is the variable-speed 2-inch-OD Grundfos submersible pumps,
which are designed for adjustable speed (flow) settings. A shroud is recommended if a 2-inch
pump is used in a 4-inch or greater diameter well to ensure long-term cooling of the pump motor.
The pump will require a reliable power source.

Flow Gauge. An in-line "turbine type" flow meter is recommended for most moderate to high
flow-rate applications. Other means of gauging flow are use of calibrated orifice weirs or orifice
bucket (Driscoll 1986; Kruseman and de Ridder, 1991). For low flow applications, a container
and stopwatch method may be suitable. The container method requires measuring the time it
takes to fill a container of known volume such as large bucket or 55-gallon drum. The flow
gauging method should be accurate to +/- 5%.
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Water Level Indicator. To be used for measuring static water levels. A conductivity-based water
level indicator capable of measuring to 0.01 foot accuracy is required for all hazardous waste
field investigations. Manual water level data should always be invoked as a back-up to electronic
water levels recorded using pressure transducers and data loggers. Water level data should be
recorded on an aquifer test data sheet (Figure 5).
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Figure 5 Aquifer Test Data Form
(Driscoll, 1986)
3 -~ 19 SOP-04 Revision 2

Basic Remediation

COMPANY



BMI Common Areas, Clark County, Nevada SOP-04 Aquifer Testing Methods
BRC Standard Operating Procedures August 2007

Pressure Transducer. This device should ideally be installed in the well above the pumping
level. This device is capable of continuously providing very accurate water level measurements.
A transducer that is vented to the atmosphere should be used such that it monitors water level
head and not changes in barometric pressure. The transducer will be connected to a continuous
data logger (described below). Transducers are available in different pressure (and accuracy)
ranges. Higher pressure range transducers are less accurate than lower pressure range
transducers. The transducers should never be lowered into a water column below the operating
pressure range of the transducer. For example, if a 10-psi traducer is installed at the bottom of
the well with 100 feet of water above it, it will no longer function properly. As a rule, a
multiplier of 2.3 can be used to estimate the maximum total amount of water above a traducer,
(e.g., a 10-psi transducer can have 23 feet of water above it, a 50-psi traducer can have 106 feet
of water above). Please note, the transducer only needs to record the drawdown resulting from
pumping. A 10-psi transducer is capable of measuring up to 23 feet of change in water levels to
0.01 foot accuracy, and is therefore the recommended transducer for all observation wells used
in a pumping test network. Transducers will operate improperly if lowered into sediment, and
therefore the traducer should never be lowered to the bottom of the well. The target depth of the
traducer should be identified prior to lowering into the well. The traducer cable should be
marked with duct tape to demark the target depth.

The most accurate (lowest psi rating) transducer should be installed in the well or piezometer
with the least anticipated drawdown, i.e., NOT the pumping well. The least accurate traducer
(greatest psi rating) should be installed in the pumping well, as it will always show the greatest
drawdown.

Data Logger. This device is a small field computer capable of recording a wide range of physical
measurements such as pressures, temperatures, electrical conductivities, and flow. The data
logger converts the pressure value sent by the traducer into feet of water above the traducer and
records the values in its memory. The data can then be downloaded from the logger to a personal
computer.

It is noted that each traducer has specific parameters that must be input to the data logger to
make the appropriate conversions from pressure units to feet. It is extremely important that the
person operating the data logger is properly trained and has sufficient experience with the
instruments to eliminate compromise or loss of pumping test data.

Common models are the Hermit 3000, Hermit 2000 (multi-channel, very user friendly), Hermit
1000 (2-channel, less friendly) and their latest model the mini-troll.
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Watch. All project team members must have an accurate wrist watch or stop watch. All watches
must be synchronized with the time in the data logger prior to starting any pumping test.

Duct Tape. Used to affix the transducer cable to an immobile object such as the top of the well
casing.

Health and Safety Equipment. Based on the requirements of the facility health and safety plan.
Decontamination procedures should follow the site-specific requirements.

4.2.5 Personnel Requirements

Most pumping tests will initially require a minimum of three people. More staff is generally
required for long-term constant rate tests than for step tests and recovery tests, which generally
can be completed with two field team members.

One person should be responsible for monitoring the flow gauge and adjusting the discharge rate
of the pump, and for ensuring that the data logger is triggered and operating. Other team
members should be responsible for taking manual (back-up) water level measurements with a
conductivity-based water level indicator.

I the observation wells are located at great distances from one another, or if rapid drawdown is
anticipated, it may be advantageous to have several field team members on site to measure and
record water levels, particularly during the earlier stages of the test when the most rapid change
in water levels is anticipated. As water levels reach a pseudo-steady state, fewer team members
will be required.

4.3 Step-Tests

This section provides details of the design and field methodology for completion of a step-
drawdown test.

4.3.1 Design of the Step Test

The following design components must be evaluated prior to completion of the step-test:

e Choice of pumping well. The well must be fully developed and capable of sustained
prolonged pumping. Ideally, the well chosen will be located in the geographic center of the
area of interest.
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e Size of pump. Should be based on the estimated specific capacity, desired total drawdowns,
and head requirements. If no previous pumping data are available, development logs or other
field observation data should be assessed to aid in sizing the pump.

e Duration of each step. Ideally, a step-test will consist of at least three steps of progressively
increasing discharge rate, followed by one step for recovery. Each step generally should
range from 30 minutes to 2 hours. A step test typically requires one 10-hour field day to
complete (assumes no mobilization time).

e Initial Discharge Rate. The first step discharge rate should produce approximately 25 percent
of the maximum anticipated drawdown estimated from the well specific capacity. If a
production well is to be used for the step-test, the initial rate should be approximately 25
percent of the pump capacity. The second step should be approximately 50 percent of the
anticipated drawdown and so on. An example is provided below:

Assume: A 100-foot deep well is constructed with a screened interval 80 to 100 feet below TOC.
The aquifer is confined. The water column in the well is 50 feet (depth to water is 50 feet below
TOC). The pump will be set at 90 feet, allowing 40 feet of water column above the pumping
level. The specific capacity is estimated from development data to be approximately 5 gpm per
foot of drawdown.

The desired drawdown for the first step is:
(0.25)(40 feet) = 10 feet of drawdown,
therefore, the desired pumping rate for the first step is:
(10 feet)(5 gpm/feet of drawdown) = 50 gpm
The second step would therefore be 100 gpm, the third step would be 150 gpm, etc.

The above calculation does not consider well losses from turbulent flow that will likely occur at
higher flow rates. A factor of safety may therefore be incorporated in the design of the discharge
rates for each step. Given the above conditions and assumptions, a first step pumping rate may
be 40 gpm, a second step 80 gpm, etc. Flexibility in the design of the step-test is recommended
due to uncertainties associated with estimating specific capacity and well efficiency. Pumping
rates for the second and successive steps should be based on field observations of drawdown vs.
discharge rate.

4.3.2 Step-Testing Methods

1. Remove the well head expansion cap and allow well to equilibrate to atmospheric conditions.
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2.

Record the static water level using a conductivity-based water level indicator. Sound the
well. Note potential sediment at bottom.

Determine the appropriate depth of the transducer. Generally a 10-psi transducer (capable of
measuring 23 feet of head change) or 50-psi transducer (capable of measuring 106 feet of
head change) are well suited for step-testing. The transducer should be targeted for a level 3
to 5 feet above the pumping level whenever possible to minimize interference with the pump.
Affix duct tape to traducer cable to indicate the target depth below TOC.

The pump should be set in the well at the desired pumping level. This is usually the screened
interval for shallow wells (<100 feet total depth). For deeper wells, the pumping depth only
needs to be greater than the anticipated drawdown. For high volume tests, it may be cost-
effective to hire a pumping subcontractor to operate the pumps, discharge lines, etc.
Contaminated groundwater discharged from the well may require storage in Baker tanks or
treatment prior to disposal. All disposal options and permitting must be in-place prior to
conducting the test. A water disposal option should be chosen that does not impinge on the
groundwater flow system during the test via infiltration recharge, etc.

Lower the transducer to the target depth. The traducer and traducer cable must hang plumb in
the well to minimize entanglement with the pump discharge pipe/hose. Duct tape the
transducer cable to an immovable object such as the TOC, Christy box, or stovepipe. Allow
the well to equilibrate to static water levels.

Connect the pressure transducer to a continuous data recorder. Input the required transducers
parameters and other test parameters in the data logger. The data logger will typically prompt
the user to record water levels below the TOC or surface. Surface refers to a static water
level datum. The instrument is therefore "referenced” or "zeroed" to the static water level,
and will therefore measure changes relative to static water level (the desired mode for step-
testing). Water levels below static water level will be recorded as negative values. The step-
test requires only measuring drawdown relative to static (and residual drawdown during
recovery, if desired). TOC refers to measuring the absolute value (i.e., total head) of the
water level relative to the TOC datum. This unnecessary step may introduce error in the
field, and is not recommended for step-tests. An accurate record of all input parameters and
field observations must be included in a field log.

"Zero" the pressure traducer/data logger to static water levels. Confirm static levels with a
water level indicator. At this point, you are ready to begin the test. The data logger should be
set to begin the test in the "immediate™ mode (i.e., no time delay). The data logger should be
set to record water levels as frequently as possible during the first couple of minutes of the
test (i.e., using the "log" mode).

STEP #1. This is the critical step. On a predetermined count, one person must simultaneously
trigger the data logger and the pump. The pump operator must quickly stabilize the discharge
rate to the desired pumping rate. At the same time, another team member should begin
recording water levels as rapidly as possible in the pumping well (every 15 to 30 seconds for
the first 5 minutes). It usually helps to have the data table constructed with water level time
intervals predetermined. The water level measuring interval may be lengthened to every
minute or every five minutes as the test progresses. Field observations suggest that 70-80
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percent of the total drawdown for each step will occur within the first 15 to 20 minutes
following commencement of pumping. The data recorded by the transducers and data logger
can be viewed following completion of the logarithmic data recording cycle (approximately
2-3 minutes). Water levels recorded by the traducer/data logger system should be similar to
the manually recorded water levels. It is always beneficial to plot the time and drawdown
data in the field to ensure that the pumping rate and the drawdowns are adequate. Allow the
test to run until the water level in the pumping well stabilizes to a steady state (or nearly so).
This typically requires 30-120 minutes. Field plotting of data is helpful in determining when
pseudo-steady state drawdown is achieved.

9. STEP #2. This is also a critical step. On a predetermined count, one person must step-up the
pumping discharge rate to the desired level (usually by opening a control valve located
upstream of the flow gauge), and a second person should restart the "logarithmic data
recording cycle” on the data logger. This is easily done using a Hermit 2000 by using the
"STEP" function. It is highly desirable to have a third field team member manually record
water levels at each "Step.”

10. STEP #3 and STEP #4. Critical Steps. Repeat item 9. above. Make sure to not draw the water
level down to the pumping level. It is more desirable to abbreviate the duration of any step
and get accurate recovery data (see item 11, below) than to draw the water level down to the
pumping level.

11. STEP #5. Critical step. On a predetermined count, simultaneously turn off the pump, "Step"
the data logger, and manually record recovery (residual drawdown) data. Continue recording
the recovery data until the water level returns to static water levels (or nearly so). The test is
completed.

12. This is a very important step. Carefully download the data in the logger. Obtain a hard copy
and retain a master electronic copy in the records.

4.4 Constant Rate Pumping Tests

Provided below is a detailing of the design and field methodology for the completion of a
constant rate pumping test.

44.1 Design Considerations for Constant Rate Pumping Tests

Choice of pumping well. The well should be designed as a pumping well, although many
monitoring wells have been "converted” to pumping wells for use in a pumping test. In either
case, the well must be fully developed and capable of sustained prolonged pumping. Ideally, the
well chosen will be located in the geographic center of the area of interest, or in a downgradient
location if remediation will involve hydraulic containment and collection downgradient. Nearby
observation wells or piezometers are required for distance-drawdown calculations (Figure 6). If
an existing pumping well is used in the test, the pumping history of the well should be known.
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Figure6 Conceptual Pumping Test Monitoring Array

Choice of observation wells. Ideally, water levels will be monitored in as many nearby
observation wells as feasible. Wells screened at different depth intervals should also be
monitored to evaluate hydraulic communication across aquitards. It may be advantageous to
equip observation wells that are located near the pumping well with continuous data recording
instruments, and manually record water levels for wells located at greater distances. Prior to
conducting the pumping test, estimated zones of influence may be completed using well-flow
equations to determine which wells will likely show a drawdown response. It is beneficial to use
observation wells located upgradient, downgradient, and across gradient from the pumping well
to evaluate hydraulic anisotropy.

Size of pump. Should be based on the drawdown requirements and estimated specific capacity
determined from a step-drawdown test or from actual long-term pumping data. It is considered
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inappropriate to conduct a pumping test without completing a step-drawdown test, particularly
without existing knowledge of the pumping characteristics of the pumping well.

Constant rate pumping tests that incorporate multiple observation wells may cost several tens or
even hundreds of thousands of dollars to complete, in particular when wells are installed as part
of the test. Experts should be consulted during the scoping, project planning, and technical
design phase to ensure that the test is conducted in a technically sound and cost-effective
manner. Key members of the field team should possess extensive experience conducting aquifer
tests. The following design components must be evaluated prior to completion of a pumping test:

Duration of Pumping Test - Confined Aquifer. Confined aquifers respond to pumping relatively
quickly due to small storativity values. A pumping test for a confined aquifer should be
conducted over a period of 24 hours (one day) to achieve steady state conditions. It is noted that
there is no fixed time for pumping tests. Preliminary plotting of data in the field may indicate
how the aquifer is responding, thus determining the duration of the test.

Duration of Pumping Test - Unconfined Aquifer. The cone of depression that results from
pumping expands much more slowly for unconfined aquifers prior to reaching a steady state. The
generally accepted minimum duration pumping test for an unconfined aquifer is therefore 72
hours (three days).

Discharge Rate. The discharge rate should be based on the results of the step-drawdown testing
program. The specific capacity calculated from the step test should be used to estimate the
desired drawdown and pumping rate. Because of the uncertainty in the step test calculations, a
level of safety should be factored into the desired drawdown level to ensure that the water level
is not drawdown to the pumping level. If the water level is lowered to the pumping level, the test
should be terminated immediately (although recovery data should be collected until the aquifer
recovers to static conditions).

Frequency of Water Level Measurements. Water levels should be recorded electronically using a
continuous pressure transducers and a data logger, and manually using a conductivity-based
water level indicator. Following the "logarithmic data recording cycle", the pressure traducer can
be set to record water levels initially every minute. Time intervals for manual measurements of
drawdown are presented below:
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Elapsed Time (minutes) Time Intervals (minutes)
0-10 0.5
10-15 1
15-60 5
60-120 30
120-end of test 60

Control Points. It is recommended for control purposes that water levels be monitored in a well
located at a distance beyond the area of influence of the test. The well must be screened within
similar hydrostratigraphic units and the same side of boundaries as wells in the test. It is also
recommended to monitor barometric pressure during the test. Data from a local airport or
transducer will suffice.

Background Water Level Data. It is useful to monitor water levels in the proposed pumping well
and observation wells for a week prior to conducting the pumping test. The background data
provides the mechanism to evaluate marine and earth tides, barometric influences, temperature
influences, etc.

Background Pumping Data. It is extremely important to understand regional or site-specific
groundwater pumping to evaluate well interference, relic drawdown, etc. If a production zone is
used for the pumping test, a well canvass should be completed to determine aquifer groundwater
uses, and remediation systems, such as nearby soil vapor extraction systems, noted.

Collection of Water Samples. In many cases, groundwater should be collected during the
pumping test to gather data required for treatability testing. At a minimum, groundwater should
be monitored during pumping for pH, temperature, electrical conductivity, and turbidity.

Miscellaneous. Precipitation events must be recorded in the field notes, including time of onset,
duration, and rainfall total. Barometric readings should be checked and recorded hourly. For
shallow zone wells, the passing of heavy equipment or trains should be noted on the field logs.
For tidal aquifers, a tidal gauge should be included in the study. Continuous recording of tidal
levels is strongly recommended to assess tidal influences of the test.

442 Constant Rate Pumping Test Methods

The description of the pumping test outlined below assumes several observation wells will be
used in the test. Continuous data logging equipment should be used wherever possible, although
manual backup measurements should also be taken periodically. All of the data loggers should
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be synchronized to the correct day, date, and time. All project team members must synchronize
their watches to the correct time datum.

1.

Remove the well head expansion cap from all observation wells and piezometers, as well as
the pumping well. Allow all wells to equilibrate to atmospheric conditions.

Record the static water level using a conductivity-based water level indicator. Sound the
well. Note potential sediment at bottom.

Determine the appropriate depth of the traducer for the pumping well. A 50-psi transducer
(capable of measuring 106 feet of head change) is well suited for the pumping well. The
transducer should be targeted for a level 3 to 5 feet above the pumping level whenever
possible to minimize interference with the pump. In some instances, installation of the
transducer below the pump may be required. Care must be taken to not entangle the
transducer with the pump, or to lower the transducer into sediment at the bottom of the well.
Affix duct tape to traducer cable to indicate the target depth below TOC.

The pump should be set in the well at the desired pumping level. This is usually the screened
interval for shallow wells (<100 feet total depth). For deeper wells, the pumping depth only
needs to be greater than the anticipated drawdown (it is wise to be conservative and consider
a margin of error). It may be cost-effective to hire a pumping subcontractor to operate the
pumps, discharge lines, etc., especially for high flow-rate, long-term tests. Contaminated
groundwater discharged from the well may require storage in portable tanks or treatment
prior to disposal. All disposal options and permitting must be in place prior to conducting the
test. A water disposal option should be chosen that does not impinge on the groundwater
flow system during the test via infiltration recharge, etc.

Lower the transducer to the target depth in the pumping well. The traducer and traducer cable
must hang plumb in the well to minimize entanglement with the pump discharge pipe/hose.
Duct tape the transducer cable to an immovable object such as the TOC, Christy box, or
stovepipe. Allow the well to equilibrate to static water levels.

Install pressure transducers in all of the monitoring wells included in the test in a manner
similar to that described above. In nearly all applications, a 10-psi traducer (highly accurate
over a 23-foot range) is ideal for monitoring drawdown in observation wells.

Connect the pressure transducers that have been installed in each well to a continuous data
recorder. A single, multi-channel data logger may suffice if observation wells are near one
another, or several "remote™ loggers may be required for wells separated by great distances.
Input the required transducer parameters and other test parameters in the data logger per the
specification in the manual. The data logger will typically prompt the user to record water
levels below the TOC or surface. Surface refers to a static water level datum. The instrument
is therefore "referenced” or “zeroed" to the either a static water level or to a value input by
the operator. Water levels below static water level will be recorded as negative values. For
pumping test purposes, water levels can be recorded relative to either "TOC" or "surface.”
Referencing to "surface mode" minimizes mistakes in the field. Additionally, nearly all data
reduction techniques evaluate drawdown, not absolute water levels.
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7.

An accurate record of all input parameters and field observations must be included in a field
log.

"Zero" the pressure traducer/data logger to static water levels (or, alternatively, enter the
TOC value for each well). Confirm static levels (or TOC-adjusted values) with a water level
indicator.

All data loggers must be synchronized to a common day-date-time (plus/minus 15 seconds).
Because all loggers are synchronized, it is not necessary to trigger each logger
simultaneously. Remote data loggers may not show an immediate drawdown response, and it
is acceptable to trigger these loggers prior to starting the pump and simply allow them to run.
An alternative is to set each logger on the "delayed start mode" set to begin at a
predetermined time (i.e., when the pump is started). Field experience indicates that this
requires an extremely high level of coordination and timing.

For the pumping well and for observation wells close by the pumping well, it is
advantageous to record the early time data at frequent intervals. This is best accomplished
using the "logarithmic data recording mode" for each traducer, with manual triggering of
each data logger at the time the pump is started. This may require a project team member per
well at the beginning of the test.

TEST START-UP. This is the critical step. Once the pump is started, there is no going
back. On a predetermined count, one person must simultaneously start the pump and stabilize
the discharge rate to the desired gpm (determined from a step test). As drawdown increases,
the required pumping head also increases and the pump control will have to be adjusted
accordingly. Other project team members must simultaneously trigger the data loggers not
yet running. At the same time, another team member should begin recording water levels as
rapidly as possible in the pumping well (see frequencies above). It helps to have the data
table constructed with water level time intervals predetermined. The data recorded by the
transducers and data logger can be viewed following completion of the logarithmic data
recording cycle (approximately 2-3 minutes). Water levels recorded by the transducer/data
logger system should be similar to the manually recorded water levels. It is beneficial to plot
the time and drawdown data in the field to ensure that the pumping rate and the drawdowns
are adequate.

The first couple of hours of the pumping test can be very hectic. It is recommended that
"more" rather than "less™ project team staff be on site to assist in the early stages of the test.
The size of the field team can be greatly reduced following the initial few hours of the test.

Monitoring Water Levels and Discharge Rates. Water levels should be monitored on the
frequency detailed above. The discharge rate should be monitored at least every 30 to 60
minutes, and recorded on a field log.

4.5 Recovery Tests

A recovery test should always be completed following either a step-test or a constant rate
pumping test. As stated above, a recovery test is invaluable if the pumping test is performed
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without the use of piezometers or observation wells to evaluate potential borehole storage effects
in the pumping well. Additionally, residual drawdowns are more reliable than drawdowns
measured during pumping due to difficulties in the field of maintaining absolutely constant
discharge from a pumping well. However, if the aquifer conditions are not ideal, the recovery
solution is less accurate and difficult to evaluate.

45.1 The Principle - Recovery Tests

When the pump is shut down following a pumping test, water levels in the pumping well and
observation wells will begin to rise. This rise is known as residual drawdown, s' (Figure 3). As
with other types of aquifer tests, the relationship between discharge rate, time, and drawdown
measured during the step test can be used in well-flow equations and corresponding "recovery
equations” to determine the aquifer transmissivity and storage coefficient, and well
characteristics.

45.2 Recovery Test Methods
1. Complete a step-test or constant rate pumping test in the manner detailed above.

2. This is the critical step. On a predetermined count, simultaneously turn off the pump, "Step"
the data logger, and manually record recovery (residual drawdown) data. The early time data
should be recorded using the "log™ data recording mode (high data logging frequency).
Continue recording the recovery data until the water level returns to static water levels (or
nearly so). The test is completed.

3. This is an important step. Carefully download the field data to a PC computer. Obtain a hard
copy and a master electronic copy to be stored in project records.

4.6 Data Analysis Methods

This SOP has focused on the actual conduct of aquifer tests. However, it is also important for the
project team to determine which methods will be used for data analysis prior to completion of
the test in the field. Many aquifer analysis methods have assumptions that may limit or even
invalidate the use of certain types of aquifer test methods. A brief list of test methods is provided
below, although please note that numerous other methods are available. Experts should be
consulted in the design phase (not after the field program) for technically difficult or potentially
risky aquifer studies (nearly always the case).
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4.6.1 Slug Testing Data Analysis Methods

e Bouwer-Rice, 1976, Curve Fitting Method (unconfined, steady state)

e Hvorslev Straight Line Method (point piezometer)

e Cooper, et al., 1967, Curve Fitting (confined, unsteady state, fully penetrating)

e Ferris-Knowles Estimation

4.6.2 Step Drawdown Test Methods
e Birsoy-Summers Method (confined)

e A modified Cooper-Jacob Method (1946) (confined)

4.6.3 Constant Rate Pumping Tests and Recovery Tests Methods

e Cooper-Jacob Straight Line Approximation (confined, unsteady state)

e Theis (1935) Curve Matching Method (unsteady state, confined, pumping or recovery)
¢ Neuman (1975) Curve Fitting Method (unconfined, unsteady state, delayed response)
e Hantush-Jacob (1955) Method (leaky, unsteady state, no storage in aquitards)

e Hantush (1960) Method (leaky, unsteady state, with storage in aquitards

e Thiem (1906) Method (steady state, confined)

e Neuman and Witherspoon, 1972 (Analyses of Leaky Aquifers).

e Moench, AF., 1996. Flow to a Well in a Water-Table Aquifer: An Improved Laplace
Transform Solution. Ground Water, vol. 34. No. 4, pp. 593-596

4.6.4 Computer-Aided Aquifer Analysis

Many commercially available, PC-based aquifer analysis programs exist to ease data reduction
and analysis. It is important for the user to understand the fundamental principles involved in
each method of aquifer analysis. The following are three commonly used programs:

e Graphical Well Analysis Package (GWAP) (Dansby and Price, 1987). Uses curve-matching
methods for pumping tests and slug tests. Report-ready output to HP Laserjets.
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e Aquifer Test Solver (AQTESOLV) (HydroSolve, 2003). Similar to GWAP, uses curve-
matching for most pumping test applications and slug tests, including Bouwer-Rice
unconfined method.

e Step-Test Program (public domain) for analysis of Step-Drawdown tests. Program written by
Dr. David Huntley of San Diego State University. It provides relatively quick entry of time-
drawdown data, as well as completion of the required calculations. The method involves a
Taylor series, and manual data analysis is extremely tedious.

e AquiferTest, (Waterloo Hydrogeologic, Inc., 2002) uses curve matching for most pumping
test and slug test applications. Also includes solution methods for calculating well losses and
includes a pumping test planner for predicting time-drawdown and distance drawdown.
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LIST OF ATTACHMENTS
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Attachment 2 Groundwater Field Sampling Form
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DISCLAIMER

THE FOLLOWING STANDARD OPERATING PROCEDURE PROVIDES GENERAL
GUIDANCE FOR BRC CONTRACTORS FOR TECHNICAL ISSUES ADDRESSED
DURING ENVIRONMENTAL SITE INVESTIGATION AND REMEDIATION
ACTIVITIES. IT ISNOTED, HOWEVER, THAT EACH SITE IS UNIQUE AND THESE
GUIDELINES ARE NOT A SUBSTITUTE FOR COMMON SENSE AND GOOD
MANAGEMENT PRACTICES BASED ON PROFESSIONAL TRAINING AND
EXPERIENCE. IN ADDITION, INDIVIDUAL CONTRACT TERMS MAY AFFECT
THE IMPLEMENTATION OF THIS STANDARD OPERATING PROCEDURE. BRC
CONTRACTORS RESERVE THE UNRESTRICTED RIGHT TO CHANGE, MODIFY
OR NOT APPLY THESE GUIDELINES IN THEIR SOLE, COMPLETE, AND
UNRESTRICTED DISCRETION TO MEET CERTAIN CIRCUMSTANCES,
CONTRACTUAL REQUIREMENTS, SITE CONDITIONS, OR JOB REQUIREMENTS.
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1.0 INTRODUCTION

This guideline is a general reference for the proper equipment and techniques for groundwater
sampling. The purpose of these procedures is to enable the user to collect representative and
defensible groundwater samples and to facilitate planning of the field sampling effort. These
techniques should be followed whenever applicable, although site-specific conditions or
project-specific plans may require adjustments in methodology.

To be valid, a groundwater sample must be representative of the particular zone of the water
being sampled. The physical, chemical, and bacteriological integrity of the sample must be
maintained from time of collection to time of analysis in order to minimize changes in water
quality parameters. Acceptable equipment for withdrawing samples from completed wells
includes bailers and various types of pumps. The following are primary considerations in
obtaining a representative sample of the groundwater:

e Avoid collecting stagnant (standing) water in the well.

e Avoid physically or chemically altering the water by improper sampling techniques, sample
handling, or transport.

e Document that proper sampling procedures have been followed.

This guideline describes suggested well evacuation (or purging) methods, sample collection and
handling, field measurement, decontamination, and documentation procedures. Examples of
sampling and chain-of-custody (COC) forms are attached.

2.0 DEFINITIONS
Annular Space The space between casing or well screen and the wall of the drilled

hole, or between drill pipe and casing, or between two separate
strings of casing. Also called annulus.

Aquifer A geologic formation, group of formations, or part of a formation
that is capable of yielding a significant amount of water to a well
or spring.

Bailer A long narrow tubular device with an open top and a check valve

at the bottom that is used to remove water from a well during
purging or sampling. Bailers are available in many widths and
lengths, and may be made of Teflon, polyvinyl chloride (PVC),
polyethylene (PE), or stainless steel. Disposable bailers are widely
used, and are available in Teflon and PE.

\ - .
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Bladder Pump

Centrifugal Pump

Chain of Custody

Check Valve

Conductivity (electrical)

Datum

Direct-Push Technology

Decontamination

Downgradient

A pump consisting of flexible bladder (usually made of Teflon)
contained within a rigid cylindrical body (commonly made of PVC
or stainless steel). The lower end of the bladder is connected
through a check valve to the intake port, while the upper end is
connected to a sampling line that leads to the ground surface. A
second line, the gas line, leads from the ground surface to the
annular space between the bladder and the outer body of the pump.
After filling, under hydrostatic pressure, application of gas
pressure causes the bladder to collapse, closing the check valve
and forcing the sample to ground surface through the sample line.
Gas pressure is often provided by a compressed air tank, and
commercial models generally include a control box that
automatically switches the gas pressure off and on at appropriate
intervals.

A pump that moves a liquid by accelerating it radially outward in
an impeller to a surrounding spiral-shaped casing.

Method for documenting the history and possession of a sample
from the time of its collection through its analysis and data
reporting to its final disposition.

Ball and spring valves on core barrels, bailers, and sampling
devices that are used to allow water to flow in one direction only.

A measure of the quantity of electricity transferred across a unit
area, per unit potential gradient, per unit time. It is the reciprocal of
resistivity.

An arbitrary surface (or plane) used in the measurement of heads
(i.e., National Geodetic Vertical Datum, commonly referred to as
mean sea level).

A method of soil boring installation involving pushing a sampling
device into the ground and retrieving it for soil description and
collection (Geoprobe® is a common trademark name).
Groundwater samples can be collected from the borehole by
inserting a screen point into the hole and removing groundwater
via peristaltic pump or small-diameter bailer. Similar to
Hydropunch® (see below).

A variety of processes used to clean equipment that contacted
formation material or groundwater that is known to be or suspected
of being contaminated.

In the direction of decreasing potentiometric head.
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Drawdown

Electric Submersible Pump

Filter Pack

Headspace

HydroPunch®

In Situ

Monitoring Well

Packer

Peristaltic Pump

pH

Piezometer

The lowering of the water level or potentiometric surface in a well
and aquifer due to the discharge of water from the well.

A pump that consists of a rotor contained within a chamber and
driven by an electric motor. The entire device is lowered into the
well with the electrical cable and discharge tubing attached. A
portable power source and control box remain at the surface.
Electrical submersible pumps used for groundwater purging are
constructed of inert materials such as stainless steel, and are well
sealed to prevent sample contamination by lubricants.

Sand or gravel that is generally uniform, clean, and well rounded
that is placed in the annulus between the borehole wall and the
well screen to prevent formation material from entering through
the well screen and to stabilize the adjacent formation.

The empty volume in a sample container between the water level
and the cap.

An in situ groundwater sampling system in which a hollow steel
rod is driven into the saturated zone that allows for the collection
of a groundwater sample.

In the natural or original position; in place.

A well that is constructed by one of a variety of techniques for the
purpose of extracting groundwater for physical, chemical, or
biological testing, or for measuring water levels or potentiometric
surface.

A transient or dedicated device placed in a well or borehole that
isolates or seals a portion of the well, well annulus, or borehole at a
specific level.

A low-volume suction pump. The compression of a flexible tube
by a rotor results in the development of suction.

A measure of the acidity or alkalinity of a solution, numerically
equal to 7 for neutral solutions, increasing with increasing
alkalinity and decreasing with increasing acidity. (Original
designation for potential of hydrogen.)

An instrument used to measure water level or potentiometric head
at a point in the subsurface; a non-pumping well, generally of
small diameter, that is used to measure the elevation of the water
table or potentiometric surface.
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Preservative An additive (usually an acid or a base) used to protect a sample
against decay or spoilage, or to extend the holding time for a
sample.

Static Water Level The elevation of the top of a column of water in a monitoring well

or piezometer that is not influenced by pumping or conditions
related to well installation, hydrologic testing, or nearby pumping.

Turbidity Cloudiness in water due to suspended and colloidal organic and
inorganic material.

Upgradient In the direction of increasing potentiometric head.

3.0 RESPONSIBILITIES

The Project Manager selects site-specific water sampling methods, locations for monitoring
well installations, monitoring wells to be sampled and analytes to be analyzed (with input from
the Field Team Leader and Project Geologist), and is responsible for project quality control and
field audits.

The Field Team Leader/Geologist (a qualified Nevada Certified Environmental Manager
[C.E.M.]) implements the water sampling program; supervises the Project Geologist/Hydrogeo-
logist and Sampling Technician; ensures that proper COC procedures are observed and that
samples are sampled, transported, packaged, and shipped in a correct and timely manner.

The Project Geologist/Hydrogeologist (a qualified Nevada C.E.M.) ensures proper collection,
documentation, and storage of groundwater samples prior to shipment to the laboratory, and
assists in packaging and shipment of samples.

The Field Sampling Technician assists the Project Geologist/Hydrogeologist in the completion
of tasks and is responsible for the proper use, decontamination, and maintenance of groundwater
sampling equipment.

4.0 WATER SAMPLING GUIDELINES

4.1 Equipment

There are many methods available for well purging (evacuation) and sampling. A variety of
issues must be considered when choosing purging and sample collection equipment. These issues
include the following:

\ - .
A - 4 SOP-05 Revision 2

Basic Remediation

COMPANY



BMI Common Areas, Clark County, Nevada SOP-05 Water Sampling and Field Measurements
BRC Standard Operating Procedures August 2007

Depth and diameter of the well

Recharge capacity of the well

Analytical parameters that will be tested

Governing regulatory requirements

Few sampling devices are suitable for the complete range of groundwater analytical parameters.
For example, a bailer is acceptable for collecting major ion and trace metal samples (if turbidity
is not a factor), but analytical results may be incorrect if used for the collection of samples that
are analyzed for volatile organics, dissolved gases, or even pH. Generally, the best pumps are
positive displacement pumps, such as bladder and helical rotor pumps, which minimize the
aeration of the groundwater as it is sampled, and therefore yield the most representative
groundwater samples. Although it is possible to use different equipment to purge the well and to
sample the well, this is not recommended because of the increased decontamination requirements
and possibilities for cross contamination. It is recommended that a flow rate as close to the actual
groundwater flow rate should be employed to avoid further development, well damage, or the
disturbance of accumulated corrosion or reaction products in the well (Puls and Barcelona,
1989).

Positive displacement pumps, such as bladder pumps, are generally recommended for both well
evacuation and sample collection. Disposable bailers are also commonly used for well
development and evacuation, as well as sample collection in certain cases. Other types of sample
collection such as gas lift pumps should be avoided, especially when analyzing for sensitive
parameters, because of the geochemical changes that can occur due to the aeration of the water
within the well. Also, the use of certain sample devices (e.g., bailers or high-rate centrifugal
pumps) may entrain suspended materials, such as fine clays and colloids, which are not
representative of mobile chemical constituents in the formation of interest (Puls and Barcelona,
1989).

Specific instructions for the use of several of the sampling devices are discussed in the next
sections. All purging and sampling equipment should be decontaminated before beginning work
and between wells, in accordance with Section 4.5.
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41.1 Bailers

Bailers represent the simplest and least expensive method of collecting the sample from a well.
However, they may not be suitable for all analyses. Bailers are available as permanent (re-usable
or dedicated) and disposable. Permanent bailers are usually constructed of Teflon or stainless
steel. Disposable bailers are usually constructed of PE or Teflon.

The advantages to using permanent bailers are:
e Inexpensive

e Easy to use and maintain

The disadvantages to using permanent bailers are:

Disturb sediment while sampling

Require decontamination and risk of cross-contamination

Require disposal of contaminated purge water

Possibility of splashing (health and safety issue)

The advantages of using disposable bailers are:
e No need for decontamination between.
e Inexpensive

e FEasytouse

The disadvantages to using disposable bailers are:
e Disturb sediment while sampling
e Require disposal of contaminated purge water

e Possibility of splashing (health and safety issue)

Disposable bailers are preferred. Since there is no cross- contamination between samples, there is
no need for time-consuming decontamination.

Bailers can be lowered and raised using stainless steel wire or polypropylene cord.
Polypropylene cord is recommended since it is inexpensive, light, and strong, however it should
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be discarded after one use to prevent cross-contamination. At no time should the bailer or the
line touch the ground during the sampling process. This can be done by coiling the line around
one’s hands while pulling the bailer out of the well. For deep wells, the line may be coiled into a
bucket or on a clean plastic sheet.

During bailing, the purge water is poured out of the top of the bailer into a 5-gallon bucket, 55-
gallon drum, or equivalent. Most groundwater sampling protocols require that the amount of
water purged be recorded; thus, a 5-gallon bucket with 1-gallon markings is recommended.
During sampling, the water can be poured out of the top of the bailer. This should not be done
for volatile analyses. Water can also be removed from the bottom of the bailer using a small tube
or sampling device that comes with most disposable bailers. This device essentially pushes the
ball out of the valve, allowing water to slowly flow out of the bottom of the bailer. This is the
recommended method for volatile organic compound (VOC) sampling.

4.1.2 Peristaltic Pumps

Peristaltic and centrifugal pumps are widely used for purging wells with water levels close to the
surface (less than 30 feet). They are light, reasonably portable, and easily adaptable to ground
level monitoring of field parameters by attaching a flow-through cell. These pumps require
minimal downhole equipment. The tubing can easily be cleaned in the field; however, more often
dedicated tubing is left in each well, or tubing is replaced after each well. The following
procedures should be considered when using these pumps:

e Unless dedicated tubing is used, the interior and exterior of all intake tubing used with the
peristaltic/centrifugal pump should be thoroughly washed with a detergent wash, flushed with
tap water, and then double rinsed with distilled water prior to use.

e Peristaltic pumps typically run on batteries. However, if a gas-powered generator is used, it
should be downwind of the well.

e The intake of the tubing should be lowered to the midpoint of the well screen. Alternatives to
this procedure may be necessary if the drawdown from the purging operations causes the
water level to fall and begin to pump air. Because of accumulated sediment at the well
bottom, the intake should be at least 1 foot above the bottom of the well.

e |f parameters are to be monitored continuously, it is recommended that an in-line “flow-
through” cell with a multi-parameter water quality meter be used. Connect the discharge
tubing from the pump to the “in” port of the flow-through cell and begin evacuating the well
(make sure to have the “out” port connected to a bucket or some sort of water containment).
Continuously monitor the parameters (typically pH, oxidation reduction potential (ORP or
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redox), dissolved oxygen (DO), turbidity, temperature, and specific conductivity) and
measure the volume of groundwater being pumped.

e After purging is complete (stabilization of parameters), disconnect the discharge tubing from

the flow through cell prior to sampling. Do not collect water that has flowed through the
flow-through cell.

The advantages of using peristaltic pumps are:

e Typically less purge water to collect and dispose (if low-flow sampling)
e Relatively easy to use

e Very little disturbance of sediment; easy to achieve low turbidity samples

e Low health and safety risk (low splash possibility)

The disadvantages to using peristaltic pumps are:

e Possibly expensive, depending on tubing and pump used.

e Sampling time can be 1 hour or more per well.

e Limited depth applicability; can pump only from depths less than 32 feet.

e Vacuum or negative pressure can potentially alter the geochemistry (VOCs, pH, alkalinity).

4.1.3 Submersible Pumps

Submersible pumps take in water and push the sample up a tube to the surface. The power
sources for these pumps may be compressed gas or electricity. The operation principles vary, and
the displacement of the sample can be by an inflatable bladder, sliding piston, gas bubble, or
impeller. Bladder or helical rotor pumps are recommended for sampling for sensitive parameters.
Bladder pumps are available for .05-inch diameter wells and larger, and these pumps can lift
water up to several hundred feet. For large sampling projects, dedicated tubing is recommended,
as tubing for bladder pumps is typically very expensive ($10 per foot), thus making disposable
tubing not efficient. The entire pump assembly (and tubing, if applicable) should be
decontaminated before purging and between wells, as described in Section 4.5.

The advantages of using submersible pumps are:

e Less purge water to collect and dispose (if low-flow sampling).
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e Very little disturbance of sediment; easy to achieve low turbidity samples.
e Adjustable to very low flow rates.

e Can be used to sample wells 300 or more feet deep.

e Dedicated systems can lower costs over time.

e Low health and safety risk (low splash possibility).

e Some types (e.g., bladder pumps) can be easily disassembled for decontamination.

The disadvantages of submersible pumps are:
e Need power source or gas source, which can be hard to transport to remote well locations.
e High start-up costs; Many models of these pumps are expensive, as is the tubing.

e Sediment in water may cause clogging of the valves or eroding the impellers with some of
these pumps.

e Decontamination of internal components of some types is difficult and time consuming.

414 Other Pumps
Gas-Lift Pumps

A pressure displacement system consists of a chamber equipped with a gas inlet line, a water
discharge line, and two check valves. When the chamber is lowered into the casing, water floods
it from the bottom through the check valve. Once full, a gas (e.g., nitrogen or air) is forced into
the top of the chamber in sufficient amounts to displace the water in the discharge tube. The
check valve in the bottom prevents water from being forced back into the casing, and the upper
check valve prevents water from flowing back into the chamber when the gas pressure is
released. This cycle can be repeated as necessary until purging is complete. The potential for
increased gas diffusion into the water (and thus loss of volatiles) makes this system unsuitable
for sampling volatile organic or most pH critical parameters. This method is not recommended
for groundwater sampling, but may be useful for development or evacuation of a well.

Direct-Push Technology Groundwater Sampling

Direct Push Technology (DPT) provides in situ groundwater samples by using a specially
designed sample tool to provide a hydraulic connection with the water table. When used with a
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mobile laboratory, DPT groundwater sampling can be useful for such applications as relatively
rapid delineation of groundwater plumes. It is also ideal for screening for contaminants. Both
groundwater and floating layer hydrocarbons may be sampled using this method.

The DPT method utilizes a sampler containing a stainless steel screen point, which is attached to
the DPT rods and is inserted into the DPT borehole. When the screen is at the desired depth, the
sampler is pulled back, exposing the screen to the formation. Groundwater can then be sampled
used a peristaltic pump or a small diameter bailer.

This method may be used to sample groundwater up to approximately 60 feet of soft sediments.
In coarse sand, gravel, consolidated rock, or at depths greater than 60 feet, a pilot hole must be
drilled prior to using this method.

The advantages of using DPT groundwater sampling techniques are:
e Low cost (relative to installing monitoring wells)
e Able to collect a relatively undisturbed in situ groundwater sample

e The relative speed with which a sample can be collected when compared to drilling,
installing, developing, purging, and sampling a monitoring well

The disadvantages of using DPT groundwater sampling techniques are:
e Accurate water levels can not be obtained
e Sampling cannot be repeated if problems occur with the samples after they are collected

e Does not allow for long-term groundwater monitoring

4.2 Well Purging Methods

Well development procedures are covered in SOP-03, “Groundwater Monitoring Well
Development.”

4.2.1 Calculation of Casing Volume

To ensure that an adequate volume of water has been removed from the well prior to sampling, it
is first necessary to determine the volume of standing water in the well and the volume of water
in the filter pack below the well seal. The volume can be easily calculated by the following
method (calculations should be entered in the field logbook):
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1. Obtain all available information on well construction (e.g., location, casing, screen, depth).
2. Determine well or casing diameter.

3. Measure and record static water level using an electronic water level meter (depth below top
of casing reference point).

4. Use a pre-determined total depth of the well to calculate the water column. Measuring total
depth prior to sampling will disturb sediment that has accumulated at the bottom of the well,
which will affect sample results.

5. Calculate the volume of water in the casing using the following formula:

V = 7.481 (nrh)

where:

\Y/ = Casing volume (gal)

r = Well radius (ft)

h = Linear feet of water in well = total well depth (ft) - static water depth (ft)

Alternatively, the casing volume can be calculated by multiplying the linear feet of water in the
well by the volume per linear feet taken from Attachment 1 or other similar tables. Always be
sure that the units in your calculation are consistent. In the equation above, 7.481 is the
conversion factor from cubic feet to gallons.

4.2.2 Calculation of Annulus VVolume

Some groundwater sampling protocols require the purging of casing and annulus volumes prior
to sampling. In these cases the volume of water contained in the annular space between the
casing and the borehole wall is calculated by the following formula:

Va = (Cb - Cc) x (h) x (0.30)

where:

Va = Volume of water in annulus (gal)

Cb = Borehole capacity (gal/ft)

Cc = Casing capacity (gal/ft)

h = Amount of standing water in the well or total linear height of the sand pack,
whichever is less (ft)

030 = Average porosity of typical sand pack

The values for Cb and Cc can be calculated by the formula xr?. The annulus volume is added to
the casing volume prior to multiplying by the number of volumes to be purged.
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4.2.3 Purging Requirements

The composition of the water within the well casing and in close proximity to the well is
probably not representative of the overall groundwater quality in the target aquifer. This is
because important environmental conditions such as the ORP may differ drastically near the well
from the conditions in the surrounding water-bearing materials. For this reason it is necessary to
either purge the well until it is thoroughly flushed of standing water and contains fresh water
from the aquifer, or sample from discrete intervals in the screened interval at low flow rates in
order to collect undisturbed aquifer water (Puls and Barcelona, 1996).

Full Well Purging

When full purging is required, the recommended amount of purging before sampling depends on
many factors, including the characteristics of the well, the hydrogeological nature of the aquifer,
the type of sampling equipment being used, the parameters that are to be analyzed, and the
regulatory requirements of the project. The number of casing volumes that should be removed
prior to sample collection has been a matter of debate in the groundwater community for some
time. However, it is recommended that where possible, between three and five casing volumes
should be purged prior to sampling.

Low-Flow Sampling

Many groundwater scientists and regulatory departments have accepted and prioritized the use of
low-flow purging and sampling of groundwater. Low-flow purging is defined as pumping rates
between 0.1 and 0.5 liters per minute (L/min). Also, rather than relying on the removal of a
specific volume of water prior to sample collection, physical parameters, such as pH, DO, ORP,
turbidity, specific conductivity, and temperature, are collected at certain intervals (usually every
2 to 5 minutes). In order to minimize contact with the atmosphere, these parameters are typically
measured using a multi-parameter meter inside a closed “flow-through” cell attached to the
discharge side of a pump system. Once the parameters have stabilized, the groundwater is
considered representative of the aquifer and is ready for sample collection. Determining when the
parameters have stabilized, however, may differ between regulatory agencies. Per the U.S.
Environmental Protection Agency (EPA) document Low-Flow (Minimal Drawdown) Ground-
Water Sampling Procedures (Puls and Barcelona, 1996), the parameters are considered stabilized
when three consecutive measurements are within the following constraints:

e Temperature +10%
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Conductivity +3%

e pH +0.1

e DO +10 %

e ORP +10 mV

e Turbidity +10 % or <10 nephelometric turbidity units (NTUS)

During purging, water levels should be monitored to ensure that drawdown does not exceed
0.1 m (0.3 ft). If the water level drop exceeds this, the flow rate should be decreased until the
water level stabilizes. If water levels in low yield wells do not stabilize at flow rates near
0.1 L/min, the well should be purged to dryness once and then sampled (EPA, 1986). Samples
should be collected when the well has recovered to 80 percent of its original capacity or at 24
hours from being purged to dryness, whichever comes first. At no time should the well be
pumped to dryness if the recharge rate causes the formation water to vigorously cascade down
the sides of the screen and cause an accelerated loss of volatiles. In this case, samples should be
collected at a rate slow enough to maintain the water level at or above the top of the screen to
prevent cascading.

4.2.4 Purge Water Handling and Disposal

Because of the potential for spreading environmental contamination, planning for purge water
disposal is a necessary part of well monitoring. Alternatives range from releasing it on the
ground (not back down the well) to full containment, treatment, and disposal. If the well is
believed to be contaminated, the best practice is to contain the purge water and store it in drums
labeled “purge water” or in aboveground portable storage tanks (i.e., Baker Tanks) until the
water samples have been analyzed. Include the date that the waste was generated on the
container. Once the contaminants are identified, appropriate treatment or disposal requirements
can be determined.

4.3 Field Measurements

A variety of field measurements are commonly made during the sampling of groundwater
including water level, pH, conductivity, turbidity, temperature, DO, and ORP. The accuracy,
precision, and usefulness of these measurements are dependent on the proper use and care of the
field instruments. Valid and useful data can only be collected if consistent practices (in
accordance with recommended manufacturer’s instructions) are followed. The instruments
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should be handled carefully at the well site and during transportation to the field and between
sampling sites.

43.1 Water Level

Water levels can be measured by several techniques, but the most common method is using an
electronic water level meter. The proper sequence is as follows:

1. Check operation of measurement equipment aboveground. Prior to opening the well, don
personal protective equipment as required.

2. Record the following information on a sampling form or in the field notebook if a form is not
available:

—  Well number
— Top of casing elevation
— Surface elevation, if available.

3. After opening the well, observe any pressure in the well. Allow 10-30 seconds for the water
levels to equilibrate and stabilize. Repeat measurement after 30 seconds to assure the water
level has stabilized.

4. Measure and record static water level and total depth (only if necessary) to the nearest 0.01
foot (0.3 cm) from the surveyed reference mark on the top edge of the inner well casing. If no
reference mark is present, record in the log book where the measurement was taken (e.g.,
from the north side of the inner casing).

5. Record the time and day of the measurement.
Electric Water Level Indicators

These devices consist of a spool of small-diameter cable or tape and a weighted probe attached to
the end. When the probe comes in contact with the water, an electrical circuit is closed and a
meter, light, and/or buzzer attached to the spool will signal the contact. For accurate readings, the
probe should be lowered slowly into the well.

Oil/Water Interface Probes

If oil or free product is encountered in the well, an oil/water interface probe can be used to
measure the thickness of the product on top of the water. Most models exhibit two distinct
electronic sounds for oil (usually a solid beep) and water (an intermittent beep). The most
accurate method for measuring the oil/water interface is to first measure the top of the free
product, then go through the product until the probe registers water, and then slowly raise the
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probe until a solid beep is encountered. This prevents a false thickness of product being
measured, since product may stick to the probe causing the probe to read product when it really
IS in water.

432 Multi-Parameter Probes

Typically, groundwater parameters such as pH, temperature, and DO are measured in a flow-
through cell using a probe that measures several parameters at once. Certain sampling techniques
may preclude the use of these probes, and individual probes may need to be used instead.

Instruments should be calibrated at the beginning of every day, and if readings become suspect.
Most instruments claim to hold their calibration longer than a day; if so, their calibration can be
checked every morning. If the values do not match the expected numbers, the instrument should
be calibrated again. The manufacturer's directions for calibration, maintenance, and use should
be read and closely followed. Any problems with the functioning of the meter should be noted in
the field log and reported to the office equipment manager.

4.4 Sample Collection Methods

4.4.1 Sample Containers

A complete set of sample containers should be prepared by the laboratory prior to going into the
field. The laboratory should provide the proper containers with the required preservatives. The
laboratory's quality assurance manual should provide a complete description of the procedures
used to clean and prepare the containers. The containers should be labeled in the field with the
date, well designation, project name, collectors' name, time of collection, and parameters to be
analyzed. The sample containers should be kept in a cooler (at 4 degrees centigrade) until they
are needed (i.e., not left in the sun during purging). One cooler should be used to store the
unfilled bottles and another to store the samples.

The sample bottles should be filled in order of the volatility of the analytes so that the containers
for volatile organics will be filled first, and samples that are not pH-sensitive or subject to loss
through volatilization will be collected last. A preferred collection order (EPA, 1986) is as
follows:

e VOCs

e Total petroleum hydrocarbons
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Total organic halogens

Total organic carbon

e Extractable organics (e.g., pesticides, herbicides)
e Total metals

e Dissolved metals

e Phenols

e Cyanide

e Sulfate and chloride

e Nitrate and ammonia

e Total Radionuclides

Field measurements, such as temperature, pH, and specific conductance, should be measured and
recorded in the field before and after sample collection to check on the stability of the water
samples over time.

4.4.2 Field Filtration for Dissolved Metals and Radionuclides

Filtering groundwater samples has been a subject of considerable debate in recent years. In many
cases, samples passing a 0.45-micron filter were used to provide an indication of dissolved
metals concentrations in groundwater. Puls and Barcelona (1989) report that the use of a
0.45-micron filter was not useful, appropriate, or reproducible in providing information on
metals mobility in groundwater systems, nor was it appropriate for determination of truly
“dissolved” constituents in groundwater. A dual sampling approach is recommended to collect
both filtered and unfiltered samples. For routine groundwater sampling field filtering should not
be performed on total metal and total radionuclide samples per this Standard Operating
Procedure (SOP).

Any filtration for estimates of dissolved species loads should be performed in the field with no
air contact and immediate preservation and storage. In-line pressure filtration is best with as
small a filter pore size as practically possible (e.g., 0.45, 0.10 micron). Disposable, in-line filters
are recommended for convenience and avoiding cross-contamination. The filters should be

3\ > 16 SOP-05 Revision 2

Basic Remediation

COMPANY



BMI Common Areas, Clark County, Nevada SOP-05 Water Sampling and Field Measurements
BRC Standard Operating Procedures August 2007

pre-rinsed with distilled water; work by Jay (1985) showed that virtually all filters require
pre-washing to avoid sample contamination.

In the absence of filters, low-flow sampling techniques can reduce turbidity to values less than
10 NTUs.

443 Methyl Mercury “Clean Hands/Dirty Hands” Collection Method

Sample bottles may be either Teflon, which has been cleaned, tested, filled with dilute HCI, and
double bagged in a laboratory clean-room, or borosilicate glass obtained from a supplier which
certifies cleanliness for metals sampling (e.g., I-Chem, Series 200 or equivalent). In general, a
sample kit should be obtain from the laboratory consisting of proper containers, bags, gloves,
and instructions. The use of locally obtained or untested containers is strongly discouraged as
they may be the source of possible contamination. At the site the bottle is filled with water
sample using an abbreviated version of the “clean —hands — dirty —hands” technique described in
EPA Method 1669. Bottles are sealed tightly and re-bagged using the opposite series of steps as
were used to open them. Bottles are shipped to the analytical laboratory via overnight courier for
preservation and analysis.

Sample Collection

Samples should be collected only into rigorously cleaned and tested (for mercury) Teflon bottles
or borosilicate glass bottles with Teflon-lined caps.

Samples are collected using rigorous ultra-clean protocols which are summarized as follows.

1. ldeally, at least two persons wearing fresh clean-room gloves at all times are required on a
sampling crew.

2. One person (“dirty hands”) pulls a bagged bottle from the cooler and opens the outer, dirty
bag, avoiding touching inside that bag.

3. The other person (“clean hands”) reaches in, opens the inner bag (if present), and pulls out
the sample bottle. “Clean hands” should not touch anything but the sample bottle, its cap, and
the water being sampled.

4. This bottle is opened and the acidified water (if present) is discarded. Under no circumstance
should the bottle cap be placed on any surface while it is removed from the bottle.

Note: the sampler should be wary of disturbing the flow upstream of the sampling point. Often
the insertion of the bottle into a flowing stream, or simply standing in the flow downstream of
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the sampling point, creates eddies (upstream flow) which can re-suspend solids near the
sampling point. Entry of such re-suspended solids into samples for analysis of mercury will
produce a non-representative sample and very likely increase the mercury concentration.

For Aqueous Sampling

5a. The bottle (including its cap) is rinsed three times with the sample water, and then filled
almost completely. Leaving a small headspace (e.g. 1% of bottle volume) is acceptable and
provides space for subsequent acid preservation at the laboratory.

Note: If the sampler cannot directly reach the water to be sampled, a pole-type sampler may be
used to fill the bottle. The pole and bottle clamp should be made of plastic and/or stainless steel
and the mouth of the bottle should be held facing upstream of the pole. Again, the use of a
transfer vessel should be avoided.

For Sediment Sampling

5b. The bottle is then filled almost completely with sediment using a utensil known to be free
from trace metal contamination. The sampler should ensure that the sampling site is
representative of the immediate area.

6. The cap is replaced and the bottle re-bagged in the opposite order from which it was
removed.

7. Clean-room gloves are changed between samples and whenever anything not known to be
trace metal cleaned is touched.

Samples should be sent to the analytical laboratory unpreserved. The sample should be preserved
as required by the method soon after arrival at the laboratory (within 48 hours). Unpreserved
samples have been found stable for at least 1 week, when stored in Teflon or borosilicate glass
bottles.

444 Sampling from Non-Monitoring Wells and Springs/Seeps
Municipal/Residential Wells

Residential water supply wells should be sampled in a similar manner to monitoring wells,
although allowances must be made for the type of pumping equipment already installed in the
well. In most cases, this will involve sampling directly from the tap on each well and before the
water has gone through any chlorination or treatment system. The sampling point should be a
cold-water tap located as close to the pump as practical. Domestic supply samples should not be
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taken from taps delivering chlorinated, aerated, softened, or filtered water. Faucet aerators should
be removed if possible before sampling. Outdoor spigots are generally preferable, since they are
usually provide untreated water and are less of an intrusion into the residence. Field parameters
(temperature, DO, ORP, etc.) can be measured in a flow-through cell connected via hose to an
outside spigot. The water sample can be collected after parameters stabilize. For sampling, the
flow rate should be set to low flow sampling rates (or approximately 0.1 L/min). If field
parameter measurement is not possible, the water tap should be turned on and run for at least 30
minutes unless the water tap is directly adjacent to the well head, and then the water should be
allowed to run for no less than 10 minutes before the samples are collected to flush stagnant
water from the system. All sample containers should be filled with water directly from the tap
and the samples processed as described for monitoring well samples. Components of the
plumbing system should be noted to assist in data interpretation.

Spring and Seep Sampling

Samples from springs or seeps should be collected directly into the sample bottles without using
any special sampling equipment. The sample will be collected as close as possible to where the
spring emanates from the soil or rock. The sampler should always stand downstream of the
spring or seep to avoid disturbing sediment or clouding the water.

45 Decontamination

Decontamination procedures will vary from project to project based on the regulations and
project-specific Field Sampling Plan (FSP). Generally, decontamination procedure for
non-dedicated groundwater sampling equipment (bailers, pumps, water-level probes) consists of
the following steps:

1. Scrub and wash with laboratory-grade detergent (such as Alconox™) and tap water.

2. Triple rinse with deionized water.

If equipment is highly contaminated, it may be rinsed with reagent-grade isopropanol alcohol or
methanol and allowed to air dry prior to Step 2 above. A hot water pressure washer can also be
used for decontaminating sampling equipment. However, dedicated or disposable equipment is
preferable since it eliminates any possible cross-contamination pathway that incomplete
decontamination may cause. As with other procedures documented in this SOP, decontamination
procedures may be determined by the client or regulatory agency involved in the project.
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4.6 Records and Documentation
46.1 Sample Designation

Sample names vary from project to project, and further instructions are typically described in the
project Quality Assurance Project Plan (QAPP) or FSP. Typically, the site name or an
abbreviation or acronym of the site name is included along with the well identification. Blind
duplicate samples should be labeled with the number of a non-existent well, and should not
include a sample time on the label. Equipment and trip blanks, collected when non-dedicated
equipment is used, may also be labeled with a fictitious well name in a similar manner to the
blind duplicate samples.

4.6.2 Sample Label

Sample containers should be labeled using waterproof ink before a sample is obtained. A sample
label should be affixed to all sample containers. This label identifies the sample by documenting
the sample type, sampler(s) initials, sample location, time, date, analyses requested, and
preservation method. A unique sample designation as discussed above is assigned to each sample
collected. This sample identification is also noted on the sample label.

4.6.3 Field Notebooks and Sampling Forms

A field notebook should be prepared prior to beginning sampling activities and should be
maintained throughout the sample round. The notebook should contain pertinent information
about the monitoring wells, such as depth of casing and water levels. During sampling, all the
activities should be recorded on a groundwater sampling form (see Attachment 2) and/or in the
field notebook. All forms used during sampling should be referenced in the field notebook. A
brief description of weather conditions should also be noted as weather can sometimes affect
samples. Any deviation from the sampling procedure described in the project work plan or SOP
should be outlined in detail and justified in the field notebook. Specialized sampling forms can
also be used to record the field measurements and other conditions observed.

4.6.4 Chain-of-Custody

The COC form (see Attachment 3) should be used to record the number of samples collected and
the corresponding laboratory analyses. Information included on this form consists of time and
date sampled, sample number, type of sample, sampler's name, preservatives used, and any

\
A -~ 20 SOP-05 Revision 2

Basic Remediation

COMPANY



BMI Common Areas, Clark County, Nevada SOP-05 Water Sampling and Field Measurements
BRC Standard Operating Procedures August 2007

special instructions. The project QAPP will detail the procedure for completing the COC form. A
separate COC form may be completed for each cooler, or copies of the completed COC may be
placed in every cooler. A copy of the COC form should be retained by the sampler prior to
shipment (forms with multiple carbon copies are recommended). The original COC form should
accompany the sample to the laboratory and provide a paper trail to track the sample. When
transferring the possession of samples, the individuals relinquishing and receiving the samples
should sign, date, and note the time on the COC form. Frequent communication with the
laboratory after shipment is recommended to assure proper handling and adherence to holding
times.

4.7 Sample Handling and Shipping

4.7.1 Sample Handling

The samples will be kept cool during collection and shipment with wet ice in double Ziploc™
bags (to prevent leakage). Frozen “blue ice” is not recommended. The samples should be stored
in a durable, appropriately sized ice chest. The samples should be placed upright on a 1- to 3-
inch layer of packing materials, such as vermiculite or bubble packaging, and kept separated,
with the intervening voids filled with the packing material more than halfway to the top of the
bottles or containers. The ice should be placed above and about the tops of the containers. The
COC record should be sealed in a Ziplock plastic bag and affixed to the inside of the top lid of
the cooler. The remaining space should be filled with packing material. The cooler should be
secured by completely wrapping with strapping tape around both ends and around the lid. If there
is a drain on the cooler, it should be taped shut. COC seals should be affixed across the seal
between the lid and body of the cooler.

4.7.2 Shipping Instructions

All samples should be shipped overnight delivery through a reliable commercial carrier, such as
FedEXx. If shipment requires more than a 24-hour period, sample holding times can be exceeded,
or the samples may get warm, compromising the integrity of the sample analysis. The sampler
should call the laboratory to alert them when the samples will arrive on the following day.
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ATTACHMENT 1
MONITORING WELL DEVELOPMENT/SAMPLING FORM
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ATTACHMENT 2
GROUNDWATER FIELD SAMPLING FORM
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1 e~ GROUNDWATER FIELD SAMPLING FORM

Project Name Well No.
Project Number Well Type
Recorded By Sampled by

|:| Monitor |:| Extraction |:|Other

Date

WELL PURGING
PURGE VOLUME PURGE METHOD
Well casing diameter DBaiIer - Type
[] 2-inch (17) [[] 4-inch (.66) []6-in (1.50) [JPump - Type
Well Total Depth (TD, ft. below TOC) DOther
Depth to Water (WL, ft. below TOC) PUMP INTAKE
|IDepth to free phase hydrocarbons (FP, ft. below TOC) | Near top Depth (ft)
Number of casing volumes to be purged Near Bottom Depth (ft)
|:|3 5 |:|Other Other
PURGE VOLUME CALCULATION
X X = gals
Water Column Length Multiplier No. Vols CALCULATED PURGE VOLUME
Total Purge Time Purge Rate gpm gals
Recharge Rate ACTUAL PURGE VOLUME
GROUNDWATER PARAMETER MEASUREMENTS  Meter Type
Time/Gallons pH | Cond. | Temp | |degC Turbidity Color/Odor
(mmhos/cm) deg F (NTU) Remarks
/
/
/
/
/
/
/
Comments during well purge
Purge water storage/disposal DDrummed onsite |:|Other
WELL SAMPLING
SAMPLING METHOD Date/Time Sampled /
Bailer - Type |:| Dedicated/Disposable Sample port |:| Other |_|
GROUNDWATER SAMPLE PARAMETER MEASUREMENTS Meter Type
Date/Time/% Recharge pH | Cond. | Temp | |degC Turbidity  |Other parameters Color/Odor
(mmhos/cm) deg F (NTU) Remarks
i / | |
SAMPLING PROGRAM
Sample No. Container #/Volume | Analysis Preservatives Laboratory Comments
QUALITY CONTROL SAMPLES
Duplicate Samples Blank Samples
Original Sample No. Duplicate Sample No. Type Sample No.
Trip
Rinsate
Transfer
Other:




ATTACHMENT 3
CHAIN-OF-CUSTODY RECORD
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ATTACHMENT 4
VOLUME OF SCHEDULE 40 PVC PIPE



VOLUME OF PVC PIPE

Outer Inner
Diameter Diameter Diameter Volume/LF
Schedule (inches) (inches) (inches) (gallon)
40 1.25 1.660 1.380 0.08
40 2 2.375 2.067 0.17
40 3 3.500 3.068 0.38
40 4 4.500 4.026 0.66
40 6 6.625 6.065 1.50
40 8 8.625 7.981 2.60
40 12 12.750 11.938 5.82
80 2 2.375 1.939 0.15

80 4 4.500 3.826 0.60
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DISCLAIMER

THE FOLLOWING STANDARD OPERATING PROCEDURE PROVIDES GENERAL
GUIDANCE FOR BRC CONTRACTORS FOR TECHNICAL ISSUES ADDRESSED
DURING ENVIRONMENTAL SITE INVESTIGATION AND REMEDIATION
ACTIVITIES. IT ISNOTED, HOWEVER, THAT EACH SITE IS UNIQUE AND THESE
GUIDELINES ARE NOT A SUBSTITUTE FOR COMMON SENSE AND GOOD
MANAGEMENT PRACTICES BASED ON PROFESSIONAL TRAINING AND
EXPERIENCE. IN ADDITION, INDIVIDUAL CONTRACT TERMS MAY AFFECT
THE IMPLEMENTATION OF THIS STANDARD OPERATING PROCEDURE. BRC
CONTRACTORS RESERVE THE UNRESTRICTED RIGHT TO CHANGE, MODIFY
OR NOT APPLY THESE GUIDELINES IN THEIR SOLE, COMPLETE, AND
UNRESTRICTED DISCRETION TO MEET CERTAIN CIRCUMSTANCES,
CONTRACTUAL REQUIREMENTS, SITE CONDITIONS, OR JOB REQUIREMENTS.

\ ..
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1.0 INTRODUCTION

This Standard Operating Procedure (SOP) describes the requirements for sample identification,
chain-of-custody (COC) documentation, handling, storage, and shipping. The purpose of this
SOP is to define sample management activities as performed from the time of sample collection
to the time they are received by the laboratory.

2.0 DEFINITIONS

Chain-of-Custody: An accurate written record of the possession of each sample from the time
of collection in the field to the time the sample is received by the designated analytical
laboratory.

Sample: Physical evidence collected for environmental measuring and monitoring. For the
purposes of this SOP, a sample is restricted to solid, aqueous, air, or waste matrices. This SOP
does not cover samples collected for lithologic description nor does it include remote sensing
imagery or photographs.

3.0 RESPONSIBILITIES

This section presents a brief definition of field team roles and the responsibilities generally
associated with them. This list is not intended to be comprehensive and additional personnel may
be involved in other aspects of the project. Project team member information will be included in
project-specific plans (e.g., work plan, field sampling plan, quality assurance plan), and field
personnel will always consult the appropriate documents to determine project-specific roles and
responsibilities. In addition, one person may serve in more than one role on any given project.

Contract Quality Control Coordinator. The Contract Quality Control Coordinator is
responsible for ensuring that Basic Remediation Company’s (BRC) sample management
requirements are met.

Project Manager: The Project Manager is responsible for ensuring that the requirements for
sample management are included in the appropriate project plans. The project manager is
responsible for communicating the sample management requirements to the field staff through
issuance of the project plans, conducting project kick-off meetings, work assignment forms, or
any other appropriate means.

\ ..
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Project Quality Control Coordinator: The project Quality Control Coordinator is responsible
for reviewing project plans for compliance with this SOP, conducting field audits, and for review
of completed field forms. Ensures that the project-specific data quality objectives are met.

Field Team Leader and/or Field Hydrogeologist, Geologist or Engineer: Conducts the
procedures described herein and, if applicable, the requirements of the project plan. Is
responsible for noting any deviation to the project plans or this SOP and developing appropriate
corrective action. Prepares daily logs of field activities.

Field Technician: Is responsible for sample collection, documentation, packaging, and shipping.
Assists the FTL or geologist, hydrogeologist, or engineer in the implementation of tasks.

Project Chemist. The Project Chemist is responsible for coordination between the laboratory
and the field team, responsible for sample tracking, and addressing data management and data
quality issues with the laboratory.

4.0 PROCEDURES

4.1 Applicability

These procedures apply to all work conducted for BRC, by BRC Contractors, or under direction
of BRC. The information in this SOP may be used by direct reference or incorporated into
project-specific plans. Deviations or modifications to procedures addressed herein must be
brought to the attention of, and approved by, Contract Quality Manager and/or the Project
Manager.

4.2 Sample Management

4.2.1 Sample Containers

All samples will be placed in contaminant-free containers as specified in the U.S. Environmental
Protection Agency’s (EPA) Specification and Guidance for Obtaining Contaminant-Free
Sample Containers (EPA, 1992). Containers will be stored in cool, dry, clean areas to prevent
exposure to fuels, solvents, and other non-site related impacts. Sample containers with
preservatives added by the laboratory will not be used if held for an extended period on the job
site or exposed to extreme heat conditions.

\ ..
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The sample containers to be used will be dependent on the sample matrix and analyses desired.
Unless specified otherwise by the project-specific work plan, the containers to be used for
various analyses are described in project Quality Assurance Project Plan (QAPP; BRC, ERM
and MWH 2007). Sample containers will be filled with minimal headspace, except containers for
volatile organic compound (VOC) analyses, which will be filled completely with no headspace.
The no-headspace requirement applies to both soil and groundwater samples.

Once opened, the containers will be used immediately. If the container is used for any reason in
the field (e.g., screening) and not sent to the laboratory for analysis, it will be discarded. Prior to
discarding the contents of the used container and/or the container, disposal requirements will be
evaluated to assess whether the contents or the container require disposal as a hazardous
material. The containers will be stored (before and after sampling) remain separate from solvents
and other volatile organic materials.

Some sample types require specific handling procedures, including:

e Compressed gas cylinders

Radioactive substances

e Biological hazards

e Chemical warfare agents

e Drugs (controlled substances)

e Explosive ordnance

e Explosives (as per the U.S. Department of Transportation [DOT])

e Shock-sensitive materials.

If any of these materials are associated with a project, the field personnel must follow the heath
and safety procedures defined in the project-specific plans.

4.2.2 Field Sample Identification and Labeling

Field Sample Identification. Protocol for field sample identification will be clearly defined in
the associated project plans and be based on BRC requirements and carried forward through out
the duration of the project. For example, the Air Force Center for Environmental Excellence
(AFCEE) has very specific requirements for their Environmental Restoration Program

\ ..
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Information Management System electronic data deliverables (EDDs), which differentiates
between location identification and field sample identification and limits the number of
characters for each of these fields. If the location identification and field sample identification
does not meet these requirements, significant problems will occur when trying to load data into
or performing quality control checks of the database.

Sample Label. A sample label similar to that shown in Figure 1 will be affixed to all sample
containers. The sample label, at a minimum will be completed with the following information:

e Client name (BRC), project title, or project location (sufficiently specific for data
management)

e Sample location

e Sample identification number

e Date and time of sample collection
e Type of sample (grab or composite)
e Initials of sampler

e Preservative used

e Analyte(s) of interest

e Label number (if applicable)

If a sample is split with another party, identical labels will be attached to each sample container.
After labeling, each sample will be refrigerated or placed upright in a cooler. Wet ice in double
Ziploc™ bags (to prevent leakage) will be placed around, among, and on top of the sample
bottles. Enough ice will be used so that the samples will be chilled and maintained at 4 degrees
Celsius (°C) + 2 °C prior to and during transport to the laboratory.

3 BMI SITE
) Container___ of
Basic Remediation R
COMPANY
Sample ID:
Sample Date: Sample Time:
Sampler: Preservative:
Bottle Type:
Analysis:
Figure 1 - Sample Label
\ .
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4.2.3 Chain-of-Custody

COC procedures require a written record of the possession of individual samples from the time
of collection through laboratory analyses. A sample is considered to be in custody if it is:

e Ina person's possession
e In view after being in physical possession
e Inasecured condition after having been in physical custody

e Inadesignated secure area, restricted to authorized personnel

The COC record, similar to the example shown in Attachment 1, will be used to document the
samples collected and the required analyses. Information recorded by field personnel on the
COC record will include the following:

Client name (BRC)

e Project name

e Project location

e Sampling location

e Signature of sampler(s)

e Sample identification number

e Date and time of collection

e Sample designation (grab or composite)

e Sample matrix

e Signature of individuals involved in custody transfer (including date and time of transfer)
e Airbill number (if appropriate)

e Number and type of bottles collected for each analysis
e Type of analysis and laboratory method number

e Any comments regarding individual samples (e.g., organic vapor meter readings, special
instructions).

\ ..
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All COC entries will be made using indelible ink and will be legible. Any errors will be
corrected by drawing a single line through the incorrect entry, entering the correct information,
and then initialing and dating the change. Unused portions of the COC form will be crossed out
with a single strike through and initialed and dated by the field sampler.

If the samples are transferred directly from the field sampler to the laboratory, both the receiving
and relinquishing individuals will sign the COC. If samples are transported to the laboratory by a
commercial carrier, signed airbills or other applicable bills of lading will serve as evidence of
custody transfer between the field sampler and carrier as well as carrier and laboratory.

The sampler will retain copies of the COC record and airbills, or bills of lading. If the COC
records are sequentially numbered the record number and airbill number will be cross-referenced
in the field logbook or appropriate field form.

Custody Seals. Custody seals, similar to the label shown in Figure 2, will be used on each
sample (if required) and/or shipping container to ensure custody. Custody seals used during the
course of the project will consist of security tape with the date and initials of the sampler. As a
minimum, custody seals will be placed in two locations (the front right and back left of the
cooler) across the cooler closure to ensure that any tampering is detected. If required by the
client, a seal will be placed on each sample container so that it must be broken to gain access to
the contents. Because VOC samples may be subject to contamination by the tape, VOC sample
containers will first be secured in a Ziploc™ plastic bag. The plastic bag will then be sealed with
a completed custody seal. If the seals are serially numbered, these numbers will be cross-
referenced in both the field logbook and the COC form.

LAB SAMPLE paTE
DO NOT TAMPER  wmas

Figure 2 - Custody Seal

6619-G52-008-1
09 Aanead uuh

4.2.4 Sample Register/Sample Tracking

The sample register maybe electronic or a bound logbook with sequentially numbered pages.
The sample register is used to document which samples were collected each day. The sample
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register is also used as the key to correlate field samples with duplicate samples. Information that
will be recorded in the sample register includes the following:

Client name (BRC)

e Project name and location

e Job number

e Date and time of collection

e Sample identification number

e Sample designation (e.g., grab or composite, etc.)
e Sample matrix (e.g., soil, groundwater, etc.)

e Number and type of bottles

e Type of analysis

e Sample destination

e Sampler's initials

If the sample register is electronic, a hard copy of each day's sampling activities will be
maintained in the field logbook. Refer to SOPs 14 and 15 Field Documentation and Field Log
Books for specific details regarding documentation procedures.

4.25 Sample Preservation/Storage

The requirements for sample preservation are dependent on the desired analyses and the sample
matrix. Unless otherwise specified by the project plan, sample preservation requirements
outlined in the project QAPP (BRC, ERM and MWH 2007) will be observed. When an acid or
base is used as preservative, pH paper will be used to determine if an adequate amount of
preservative is being used to preserve analytical samples. When testing pH for VOC samples, a
third VOC sample will be collected, tested with pH paper, and then disposed of properly.

\ ..
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4.2.6 Quality Control Sample Management

The number and types of quality control (QC) samples to be collected for a project will be
defined in the project-specific plans. The following briefly describes field QC samples that may
be collected during a field program.

Trip Blanks. Trip blanks are used to assess cross-contamination of samples for VOC analysis
from sample containers or during sample transport and storage at the laboratory. Trip blanks
consist of 40 milliliter (ml) amber glass vials filled by the laboratories with acidified reagent-
grade water, then sealed by the laboratories prior to shipment. Trip blank vials accompany the
empty bottles to the site and remain with the samples throughout sample collection and
shipment.

Equipment Rinsate Blanks. Equipment rinsate blanks are used to evaluate sample equipment
decontamination procedures and are prepared in the field (after decontamination of sampling
equipment is complete). These samples are prepared by collecting the final equipment
decontamination rinse water into the appropriate sample container.

Filter Blanks. If water samples are collected for dissolved metals analysis, a filter blank (for
each lot of filters) should be collected prior to sample collection to evaluate whether the filter is
a source of metals to the samples. This sample is collected in the field by passing the source
water through the same filter type that will be used to filter water media for dissolved metals
analysis.

Duplicate Samples. Duplicate field samples (water samples) are used to assess variability in the
sample media and to assess sampling and analytical precision. A duplicate sample pair is a single
aqueous grab sample that is split into two samples during collection. If the field duplicate is
being submitted blind to the laboratory, one of the samples is labeled with the correct sample
identification and the other is labeled with fictitious sample identification. Regardless of whether
the samples are submitted blind to the laboratory or not, the field duplicate and parent sample are
submitted to the same laboratory as two separate samples.

Replicate Samples. Replicate field samples (air, soil, or sediment) are used to assess variability
in the sample media and to assess sampling and analytical precision. A replicate sample pair is a
single soil grab sample that is split into two samples during collection. If the field replicate is
being submitted blind to the laboratory one of the samples is labeled with the correct sample
identification and the other is labeled with a fictitious sample name. Regardless of whether the
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samples are submitted blind to the laboratory or not, the field replicate and parent sample are
submitted to the same laboratory as two separate samples.

4.3 Sample Shipping

Procedures for packaging and transporting samples to the laboratory are based on the actual
chemical, physical, and hazard properties of the material. The procedures may also be based on
an estimation of contaminant concentrations/properties in the samples to be shipped. Samples
will be identified as environmental samples, excepted quantities samples, limited quantities
samples, or standard hazardous materials. Environmental samples are defined as solid or liquid
samples collected for chemical or geotechnical analysis. Excepted quantities involve the
shipment of a few milliliters of either an acid or base preservative in an otherwise empty sample
container. Limited quantities are restricted amounts of hazardous materials that may be shipped
in generic, sturdy containers. Standard hazardous material shipments require the use of
stamped/certified containers.

Samples other than those listed above (refer to Section 4.2.1) must be shipped according to the
requirements of Title 49, Code of Federal Regulations 173.24 (49 CFR 173.24) and other
applicable Federal, state, and local regulations. Prior to the collection and shipment of these
samples, shipment requirements will be researched; a written description of shipment procedures
will be prepared; and the description reviewed and approved by a certified industrial hygienist
prior to sample collection. These shipment procedures will be included in the project-specific
plans. Examples of such samples include materials that potentially contain asbestos, radioactive
materials, explosives, and chemical warfare agents, and transformer fluids (refer to
Section 4.2.1).

The following paragraphs describe standard sample shipping procedures for different types of
samples. Any exceptions to these procedures will be defined in the project-specific work plan. If
the samples to be collected are potentially limited quantity or standard hazardous materials the
most current DOT regulations must be reviewed to ensure that the most current shipping
procedures are incorporated into the project-specific plans. The carrier service selected for
transport may also be able to provide information needed for sample shipping procedures. It is
the responsibility of the sampler to understand DOT requirements and limitations associated with
the shipment of all types of samples.

No samples will be held on site for more than 24 hours, except during weekend field activities.
Samples collected on the weekend will be stored under refrigeration and shipped the following
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Monday. Sampling activities for analytes with extremely short holding times, such as 24 hours,
will not be scheduled for weekend collection.

Occasionally, multiple coolers will be sent in one shipment to the laboratory. One cooler will
have the original COC Record and the other coolers will have copies. The plastic bag in which
the COC Records are place will be marked appropriately “ORIGINAL” or “COPY.” In addition,
the outside of the coolers will be marked to indicate how many coolers are in the shipment.

4.3.1 Hand-Delivered Samples

Aqueous or Solid Samples: For aqueous or solid samples that will be hand carried to the
Contract Laboratory the following procedures apply:

e Sample labels will be completed and attached to sample containers as described in
Section 4.2.

e The samples will be placed upright in a waterproof metal (or equivalent strength plastic) ice
chest or cooler.

e Wet ice in double Ziploc™ bags (to prevent leakage) will be placed around, among, and on
top of the sample bottles. Enough ice will be used so that the samples will be chilled during
transport to the laboratory.

e To prevent the sample containers from shifting inside the cooler, the remaining space in
cooler will be filled with inert cushioning material, such as shipping peanuts, additional
bubble pack, or cardboard dividers.

e The original copy of the completed COC Record will accompany the samples to the
laboratory.

e A copy of the COC Record will be retained for the project files.

4.3.2 Sample Shipping via Commercial Carrier

Aqueous or Solid Environmental Samples. For aqueous or non-geotechnical solid samples that
are shipped to the Contract Laboratory via a commercial carrier the following procedures apply:

e Sample labels will be completed and attached to sample containers as described in
Section 4.2.

e The samples will be placed upright in a waterproof metal (or equivalent strength plastic) ice
chest or cooler. If the container has a drain, the drain will be taped shut and a large plastic
bag used as a liner for the cooler. Each sample will be placed in a separate Ziploc™ or
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bubble-wrap bag. As much air as possible will be squeezed from the bag before sealing. Bags
may be sealed with a custody seal if required by the client.

e Wet ice in double Ziploc™ bags (to prevent leakage) will be placed around, among, and on
top of the sample bottles. Enough ice will be used so that the samples will be chilled and
maintained at 4°C £ 2°C during transport to the laboratory. Dry ice will not be used. In
addition, experience has shown that blue ice is inadequate to maintain sample temperature
and it will not be used for sample preservation.

e To prevent the sample containers from shifting inside the cooler, the remaining space in the
cooler will be filled with inert cushioning material, such as shipping peanuts, additional
bubble pack, or cardboard dividers.

e The original copy of the completed COC Record will be placed in a waterproof plastic bag
and taped to the inside of the cooler lid.

e The lid will be secured by wrapping strapping tape completely around the cooler in two
locations.

e As a minimum, custody seals similar to those shown in Figure 2 will be placed in two
locations (the front right and back left of the cooler) across the cooler closure to ensure that
any tampering is detected.

e The airbill will be filled out before the samples are handed over to the carrier. The laboratory
will be notified if BRC personnel suspect that the sample contains any substance for which
the laboratory personnel should take safety precautions.

e A copy of the COC Record and the signed air bill will be retained for the project files.

Air Samples. If transported by a commercial carrier, air, soil vapor, or treatment system off-gas
samples will be packaged and shipped to the Contract Laboratory using the following
procedures:

e A completed sample tag will be attached with a wire to the PUF/XAD-2 Cartridge, Summa
canister or Tedlar™ bag for each investigative or quality control sample. All entries will be
made using indelible ink. Any errors will be corrected by drawing a single line through the
incorrect entry, entering the correct information, and then initialing and dating the change.
The tag will include the field sample number, location (if not encoded in the sample ID), date
and time of sample collection, and type of analysis. There will also be a space available for
entry of the lab sample ID number.

e The samples in PUF/XAD-2 Cartridge or Tedlar™ bags will be placed upright in a
waterproof metal (or equivalent strength plastic) ice chest or cooler. If the container has a
drain, the drain will be taped shut and a large plastic bag used as a liner for the cooler. Bags
may be sealed with a custody seal if required by the client. The Summa canisters will be
placed in their original shipping container.
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e To prevent the PUF/XAD-2 Cartridge or Tedlar™ bags from shifting inside the cooler, the
cooler will be filled with inert cushioning material, such as shipping peanuts, additional
bubble pack, or cardboard dividers.

e Wet ice in double Ziploc™ bags (to prevent leakage) will be placed around, among, and on
top of the PUF/XAD-2 Cartridges. Enough ice will be used so that the samples will be

chilled and maintained at 4 + 2°C during transport to the laboratory. Neither dry ice nor blue
will be used to cool samples. There are no temperature criteria for samples in Tedlar™ bags
or Suma canisters.

e The original copy of the completed COC Record will be placed in a waterproof plastic bag
and taped to the inside of the cooler lid or the Summa canister containers.

e The coolers or Summa canister containers will be secured by wrapping strapping tape
completely around the containers in two locations.

e Custody seals, similar to the label shown in Figure 2, will be used on each shipping container
to ensure custody. The seal will be placed within each cooler in such a manner that it must be
broken to gain access to the contents.

e A copy of the COC Record and the signed air bill will be retained for the project files.

Geotechnical Samples. Geotechnical samples will be collected in brass sleeves as undisturbed
samples or in plastic bags as bulk samples. The labeling procedures will be followed as
described previously. Holding times do not apply; however, samples will be shipped as soon as
possible and kept cool to prevent drying and mold growth. Undisturbed samples will be sealed in
resealable plastic bags to maintain sample moisture content.

Geotechnical samples may be shipped in a sturdy box or other container. No ice is necessary.
Enough packing material will be added so that samples remain undisturbed. COC procedures as
described previously will be followed to generate defensible data. Hazardous nature of the
samples, including any organic vapor measurements, name of suspected contaminants present,
and the approximate range of concentrations, if know, should be noted on the COC Record.

4.3.3 Excepted Quantities

Usually, corrosive preservatives (e.g., hydrochloric acid, sulfuric acid, nitric acid, or sodium
hydroxide) are added to otherwise empty sample bottles by the analytical laboratory prior to
shipment to field sites. However, if there is an occasion whereby personnel are required to ship
bottles with these undiluted acids or bases, the containers will be shipped in the following
manner:
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Each individual sample container will have not more than 30 milliliters of preservative.

Collectively, these individual containers will not exceed 500 milliliters in the same outer box
or package.

Despite the small quantities, only chemically compatible material may be placed in the same
outer box, i.e., sodium hydroxide, a base, must be packaged separately from the acids.

FedEx will transport nitric acid only in concentrations of 40 percent or less.

A "Dangerous Goods in Excepted Quantities” Label will be affixed to the outside of the outer
box or container. Information required on the label includes:

— Signature of Shipper

— Title of Shipper

— Date

— Name and Address of Shipper

— Check of Applicable Hazard Class

— Listing of UN Numbers for Materials in Hazard Classes.

4.3.4 Limited Quantities

Occasionally, it may become necessary to ship known hazardous materials, such as pure product

(e.g., light or dense non-aqueous phase liquids). DOT regulations still permit the shipment of

many hazardous materials in "sturdy"” packages, such as an ice chest or cardboard box (not a

specially constructed and certified container), provided the following conditions are met:

Each sample bottle is placed in a plastic bag, and the bag is sealed. Each VOC vial is
wrapped in a paper towel, and the two vials are placed in one bag. As much air as possible is
squeezed from the bag before sealing. Bags may be sealed with evidence tape for additional
security.

Each bottle is placed in a separate paint can, the paint can is filled with vermiculite, and the
lid is affixed to the can. The lid must be sealed with metal clips, filament, or evidence tape. If
clips are used, the manufacturer typically recommends six clips.

The outside of each can will contain the proper DOT shipping name and identification
number for the sample. The information may be placed on stickers or printed legibly. A
liquid sample of an uncertain nature will be shipped as a flammable liquid with the shipping
name “FLAMMABLE Liquid N.O.S.” and the identification number “UN1993.” If the
nature of the sample is known, 49 CFR 171 to 177 will be consulted to determine the proper
labeling and packaging requirements. The carrier should be contacted to ensure that the
information provided is correct.
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The cans are placed upright in a cooler that has had the drain plug taped shut inside and
outside and lined with a large plastic bag. Approximately 1 inch of packing material, such as
vermiculite or other type adsorbent sufficient to retain any liquid that may be spilled, is
placed in the bottom of the liner. Three sizes of paint cans may be used: pint, half-gallon, and
gallon. The pint or half-gallon paint cans may be stored on top of each other; however, the
gallon cans are too high to stack. The cooler will be filled with additional packing material,
and the liner will be taped shut. Only containers having chemically compatible material may
be packaged in each cooler or other outer container.

The COC Record will be paced inside a sealed plastic bag and attached to the inside of the
cooler lid. The sampler retains one copy of the COC Record. The laboratory will be notified
if the sample is suspected of containing any substance for which the laboratory personnel
should take safety precautions.

The lid will be secured by wrapping strapping tape completely around the cooler in two
locations. As a minimum, custody seals similar to those shown in Figure 2 will be placed in
two locations (the front right and back left of the cooler) across the cooler closure to ensure
that any tampering is detected.

The following markings are placed on the side of the cooler:

— Proper Shipping Name (Column B, List of Dangerous Goods, Section 4, International Air
Transport Association (IATA) Dangerous Goods Regulations [DGR])

— UN Number (Column A, List of Dangerous Goods, Section 4, IATA DGR)
— Shipper's name and address

— Consignee's name and address

— The words "LIMITED QUANTITY"

— Hazard Labels (Column E, List of Dangerous Goods, Section 4, IATA DGR)
— “Cargo Aircraft Only” (if applicable as identified in 49 CFR 172.101).

— Two Orientation (Arrow) labels (indicating “This End Up”) placed on opposite sides of
the cooler.

The Airbill/Declaration of Dangerous Goods form will be completed as follows:

Shipper's name and address
Consignee's name and address

Services, Delivery and Special Handling Instructions
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e Passenger or Cargo Aircraft (cross off the non-applicable items. Up to 25 pounds of
flammable solid per cooler can be shipped on a passenger aircraft. Up to 1 quart of
flammable liquid per cooler can be shipped on a passenger aircraft and up to 10 gallons of
flammable liquid can be shipped on a cargo aircraft).

e Cross out "Radioactive™ under Shipment Type
— Nature and Quantity of Dangerous Goods
— Proper Shipping Name (Column B, List of Dangerous Goods, Section 4, IATA DGR)

— Class or Division (Column C, List of Dangerous Goods, Section 4, IATA DGR)

— UN Number (Column A, List of Dangerous Goods, Section 4, IATA DGR)

— Packing Group (Column F, List of Dangerous Goods, Section 4, IATA DGR)

— Subsidiary Risk, if any (Column D, List of Dangerous Goods, Section 4, IATA DGR)

— Quantity and type of packing (number and type of containers: for example, "3 plastic
boxes", and the quantity per container, "2 L", is noted as "3 Plastic boxes X 2 L". This
refers to 3 plastic boxes (coolers are referred to as plastic boxes) with 2 liters in each box.

— Packing Instructions (Column G, List of Dangerous Goods, Section 4, IATA DGR).
Note: Only those Packing Instructions in Column G that begin with the letter "Y" may be
used. These refer specifically to the Limited Quantity provisions.

— Authorization (Write in the words Limited Quantity)

— Emergency Telephone Number (List 800-535-5053. This is the number for INFOTRAC.)

— Printed Name and Title, Place and Date, Signature

4.35 Standard Hazardous Materials

Shipment of hazardous materials using this option presents the most difficulty and expense.
However, there may be occasion whereby a hazardous material cannot be shipped under the
Limited Quantity provisions, e.g., where there is no Packing Instruction in Column G, List of
Dangerous Goods, IATA DGR, that is preceded by the letter "Y™.

In such cases, the general instructions noted above but for non-Limited Quantity materials will
apply, but with one important difference: standard hazardous materials shipment requires the use
of certified outer shipping containers. These containers have undergone rigid testing and are,
therefore, designated by a "UN" stamp on the outside, usually along the bottom of a container's
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side. The UN stamp is also accompanied by codes specifying container type, packing group
rating, gross mass, density, test pressure, year of manufacturer, state of manufacturer, and
manufacturer code name. The transport of lithium batteries in Hermit Data Loggers is an
example of a standard hazardous material, and where only a designated outer shipping container
may be used. Contact the DOT for the most current shipping regulations.

4.4 Sample Holding Times

The holding times for samples will depend on the analysis and the sample matrix. Unless
otherwise specified, holding times listed in the project QAPP (BRC, ERM and MWH 2007) will
be followed.

45 Training

The DOT requires that all employees involved in any aspect of hazardous materials transport
(shipping, transport, receipt, preparing documents) receive training at least bi-annually. Project
Managers have the overall responsibility for ensuring all sampling staff have appropriate
training.

5.0 REFERENCES

Basic Remediation Company (BRC) ERM-West (ERM) and MWH. 2007. BRC Quality
Assurance Project Plan, BMI Common Areas, Clark County, Nevada. Revision 3. August.

U.S. Environmental Protection Agency (EPA), 1992. Specifications and Guidance for Obtaining
Contaminant-Free Sample Containers. April.
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DISCLAIMER

THE FOLLOWING STANDARD OPERATING PROCEDURE PROVIDES GENERAL
GUIDANCE FOR BRC CONTRACTORS FOR TECHNICAL ISSUES ADDRESSED
DURING ENVIRONMENTAL SITE INVESTIGATION AND REMEDIATION
ACTIVITIES. IT ISNOTED, HOWEVER, THAT EACH SITE IS UNIQUE AND THESE
GUIDELINES ARE NOT A SUBSTITUTE FOR COMMON SENSE AND GOOD
MANAGEMENT PRACTICES BASED ON PROFESSIONAL TRAINING AND
EXPERIENCE. IN ADDITION, INDIVIDUAL CONTRACT TERMS MAY AFFECT
THE IMPLEMENTATION OF THIS STANDARD OPERATING PROCEDURE. BRC
CONTRACTORS RESERVE THE UNRESTRICTED RIGHT TO CHANGE, MODIFY
OR NOT APPLY THESE GUIDELINES IN THEIR SOLE, COMPLETE, AND
UNRESTRICTED DISCRETION TO MEET CERTAIN CIRCUMSTANCES,
CONTRACTUAL REQUIREMENTS, SITE CONDITIONS, OR JOB REQUIREMENTS.
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1.0 INTRODUCTION

For site investigations, primary consideration must be given to obtaining samples that are
representative of existing conditions and valid for chemical analysis. The samples must not be
contaminated by drilling fluids or by the sampling procedures.

This guideline provides a description of the principles of operation, applicability, and
implementability of standard soil sampling methods used during site investigations. The purpose
of this document is to aid in the selection of soil sampling methods that are appropriate for site-
specific conditions. It is intended to be used by the project manager, project engineer, field team
leader, and site geologist to develop an understanding of each method sufficient to plan,

schedule, and perform soil sampling.

This guideline focuses on methods and equipment that are readily available and typically
applied. It is not intended to provide an all-inclusive discussion of soil sampling methods.
Sample types, samplers, and sampling methods are discussed.

2.0 DEFINITIONS

Blow Counts Number of hammer blows needed to advance a split-spoon
sampler. Blow counts are usually counted in 6-inch increments.

VOCs Volatile organic compounds.

3.0 RESPONSIBILITIES

The Project Manager or Task Leader (a qualified Nevada Certified Environmental Manager
[C.E.M.]) will select site-specific soil sampling methods with input from the field team leader
and site geologist; and will maintain close supervision of the activities and progress.

The Site Geologist selects site specific drilling and sampling options; helps prepare technical

provisions for soil sampling.
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The Field Team Leader implements the selected drilling program and assists in the selection of

drilling methods and sampling procedures.

The Rig Geologist supervises and/or performs actual sampling procedures.

4.0 SOIL SAMPLING
4.1 Types of Samples

Four basic types of samples are collected in site investigation work: bulk samples, representative

samples, “undisturbed” samples, and composite samples.

4.1.1 Bulk Samples

Bulk samples are generally a shovelful or trowelful of material taken from cuttings. There is
usually significant uncertainty regarding which interval the cuttings represent. This type of

sampling is rarely used and is the least accurate of the four basic sample types.

4.1.2 Representative Samples

Representative samples are collected with a drive or push tube. They do not represent

undisturbed conditions but do represent all the constituents that exist at a certain interval.

4.1.3 Undisturbed Samples

“Undisturbed” samples are high-quality samples collected under strictly controlled conditions to
minimize the structural disturbance of the sample. Undisturbed samples should be collected
when all the presampling relationships need to be preserved. Every effort is made to avoid
altering the sample during the sampling process. Undisturbed samples are generally required for

geotechnical work and are rarely necessary to assess environmental quality.

\ - .
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4.1.4 Composite Samples

Composite samples are a blend or mix of sample material, usually combined from two or more
stratigraphic intervals and mixed in such a way as to represent the total borehole. Homogenized
samples are composited over a discreet interval. For example, if a sample represented the 10- to
11.5-foot interval, the material from that interval would be mechanically blended before being
put into the appropriate sample container. VOC samples are never composited or homogenized.

4.2 Sampling Methods
4.2.1 Solid-Barrel Samplers

The diameter of the solid barrel sampler is 1 to 6 inches and the length is between 12 and 60
inches. The sampler is usually steel or stainless steel and can be used with thin-walled liners that
can be slid into or out of the sampler barrel. Liners may be made of brass, aluminum, stainless
steel, or synthetic materials. Liner materials are acceptable based on the types of materials, tests,
and analyses performed.

4.2.2 Split-Spoon Samplers

Split-spoon samplers are the most commonly used samplers for monitoring and geotechnical
work and can be applied to a variety of drilling methods. Split-spoon samplers are usually steel
or stainless steel, are tubular in shape, and are split longitudinally into two semicylindrical
halves. They may be lined or unlined. Liners are made of brass, aluminum, stainless steel, or
various synthetic materials. Split-spoon samplers are generally available in 2-, 2.5-, 3-, 3.5-, and
4-inch outside diameters (OD). Lengths range between 12 and 60 inches. The 18-inch long
sampler is the most commonly used. Three 6-inch liners are generally used with this sampler.

Sixty-inch samplers are used when continuous coring is necessary.

Driving (hammering) is the usual method of obtaining split-spoon samples up to 2.5 feet in
length. Samples are collected from the split-spoon sampler by driving the sampler into
undisturbed material beneath the bottom of the casing or borehole with a weighted hammer. For

most sampling, a 140-pound hammer is used. The hammer may either be at the ground surface or
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in-hole. The number of blow counts per 6-inch increment of total drive is recorded. An estimate
of the density and consistency of the subsurface soils can be made from the relationships among
the hammer weight, drop, and number of blows required to advance the split spoon in 6-inch

increments.

If the sampler cannot be advanced 6 inches with a reasonable number of blows (usually about
50), sampler refusal occurs and the sampling effort at that particular interval is terminated. If
“auger refusal” has not occurred, the hole is advanced to the next sampling interval where

another attempt at sample retrieval is made.

After the split spoon is removed, it is opened for visual inspection and classification. If an
adequate volume of sample has not been retrieved, additional sample shall be collected from a

second sampler from the interval immediately below the preceding interval.

If VOCs are to be analyzed, the sample is immediately transferred into the appropriate sampling
jars upon retrieval of the split spoon from the borehole. Following sample description, sample
material for non-VOC analyses may be composited, homogenized, or collected from discrete
intervals as provided in the project work plan. Care shall be taken to ensure that the sample
collected is representative of the sample interval of interest, and not slough material. All slough
material shall be discarded. If a representative sample is to be retained for future reference, the
sample must be stored in a container that is compatible with potential contaminants in the sample

and minimizes the potential for accidental spillage.

4.2.3 Thin-Walled Tube Samplers

The thin-walled tube (Shelby tube) sampler is an 18-, 30-, or 36-inch long, thin-walled steel,
aluminum, brass, or stainless steel tube equipped with a connector head. It is primarily used in
soft or clayey formations where it will provide more sample recovery than a split-spoon sampler
and when relatively undisturbed samples are desired. The most commonly used sampler has a

3-inch OD and a 2.81-inch cutting diameter, and is 30 inches long.
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Pressing or pushing without rotation is the normal mode of advance for the thin-walled sampler.
If the tube cannot be advanced by pressing, it may become necessary to drive the sample with
drill rods and hammers without rotation. The tubes are generally allowed to stay in the hole 10 to
15 minutes to allow the buildup of skin friction prior to removal. The tube is then rotated to

separate it from the soil beneath it, prior to being brought to the surface.

After removal, the sample is inspected to ensure an adequate sample volume has been collected.

If an inadequate volume has been collected, the above sampling procedure is repeated.

Upon retrieval, a description of the soil core is recorded in the logbook and any disturbed soil
removed from the end of the tube. VOC samples are removed and placed in the appropriate
sample containers immediately upon sample retrieval. Thin-walled tubes are capped with

nonreactive material for transport.

424 Continuous Coring

Continuous coring is usually performed with a 60-inch split-spoon sampler that is advanced by
pressing without rotating while the drill bit is rotating. The sampling tube is lowered into and

retrieved from the augers or drill stem using a wireline or drill rods.

The sampling tube is locked into place so the sampler protrudes slightly ahead of the drill bit. As
the bit is advanced, the auger is pressed into the formation. After the hole has been advanced the
length of the sampling tube, the full sampler is retrieved and an empty sampler is put down the

hole. Sampling procedures will follow those described in Section 4.2.2.
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DISCLAIMER

THE FOLLOWING STANDARD OPERATING PROCEDURE PROVIDES GENERAL
GUIDANCE FOR BRC CONTRACTORS FOR TECHNICAL ISSUES ADDRESSED
DURING ENVIRONMENTAL SITE INVESTIGATION AND REMEDIATION
ACTIVITIES. IT ISNOTED, HOWEVER, THAT EACH SITE IS UNIQUE AND THESE
GUIDELINES ARE NOT A SUBSTITUTE FOR COMMON SENSE AND GOOD
MANAGEMENT PRACTICES BASED ON PROFESSIONAL TRAINING AND
EXPERIENCE. IN ADDITION, INDIVIDUAL CONTRACT TERMS MAY AFFECT
THE IMPLEMENTATION OF THIS STANDARD OPERATING PROCEDURE. BRC
CONTRACTORS RESERVE THE UNRESTRICTED RIGHT TO CHANGE, MODIFY
OR NOT APPLY THESE GUIDELINES IN THEIR SOLE, COMPLETE, AND
UNRESTRICTED DISCRETION TO MEET CERTAIN CIRCUMSTANCES,
CONTRACTUAL REQUIREMENTS, SITE CONDITIONS, OR JOB REQUIREMENTS.

\ ..
B\ ] SOP-03 Revision 2

Basic Remediation

COMPANY



BMI Common Areas, Clark County, Nevada SOP-08 Trenching and Test Pitting
BRC Standard Operating Procedures August 2007

1.0 INTRODUCTION

This Standard Operating Procedure (SOP) establishes guidelines for conducting test pit and
trench excavations at hazardous waste sites.

Shallow test pits accomplish the following:

e Permit the in-situ condition of the ground to be examined in detail both laterally and
vertically

o Provide access for taking samples and for performing in-situ tests

e Provide a means of determining the orientation of discontinuities in the ground

Periodically, a portion of a site investigation will focus on abandoned subsurface structures or an
area that may contain, or was at one time a dumping ground for, various types of hazardous and
nonhazardous waste. Before drilling soil borings in these areas, excavation of a trench or test pit
may be necessary to clear drilling areas of debris and identify sources or geophysical anomalies.
Excavations can be readily extended to locate the boundaries of abandoned foundations,
landfills, or trenches. In suitable ground, shallow excavations may provide an efficient and

economic method to evaluate the shallow subsurface environment of a site.

2.0 DEFINITIONS

Trench or Test Pit Linear excavation, of varying width, usually used as an
exploratory method to locate landfill boundaries or buried
structures, or to characterize the soil/fill sequence at a site.

Ground Crew Composed of excavating support crew and sampling crew.
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3.0 RESPONSIBILITIES

The Project Manager or Task Leader (a qualified Nevada Certified Environmental Manager
[C.E.M.]) will select site-specific soil sampling methods with input from the Site Geologist/Field

Team Leader and will maintain close supervision of the activities and progress of the work.

The Site Geologist/Field Team Leader selects excavation options, implements the

trenching/test pit program, assists in the preparation of technical provisions.

The Sampling Crew performs sampling procedures.

4.0 TRENCH AND TEST PIT CONSTRUCTION
4.1 General

Trench and test pit excavation is carried out either manually or by using standard equipment
such as backhoes, trenching machines, track dozers, track loaders, excavators, and scrapers.
Operators of excavating equipment must be skilled and experienced in its safe use for digging
test pits and trenches. A typical excavator with an extending backhoe arm can excavate to a
depth of approximately 15 feet. If investigations are required to penetrate beyond 15 feet, soil

borings may be a more feasible method.

A tailgate safety meeting is conducted by a designated on-site safety officer before commencing

excavation.

Prior to all excavations, the Field Team Leader must confirm that underground utilities (electric,
gas, telephone, water, etc.) within the proposed areas of excavation have been cleared or marked
off. Certain underground services may not be picked up by detectors. Careful excavation, use of
probing rods, and the ground crew watching for early signs can help prevent damaging or

puncturing underground services.

Prior to commencing excavation, standard signals shall be developed and reviewed for rapid and

efficient communication between the backhoe operator and the ground crew. Before approaching
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areas with operating equipment, the sampling and support crew must verify that the operator has

noted their presence.

Upon locating the area for excavation, the backhoe operator determines wind direction and
positions the machine upwind of the area of excavation. The backhoe operator outlines the area
of investigation by extending the bucket arm to its maximum length and traces a 180-degree
outline around the area to be excavated. The support crew cordons off the exclusion zone with a

wooden lath and brightly colored "caution” tape, or other appropriate temporary fencing.

Once the excavation equipment has been positioned and stabilized, excavation can commence. If
the area of investigation is beneath vegetative cover or surface debris, the backhoe operator
removes the surface material to allow a clear and safe working area. Excavated soil is stockpiled
away from the immediate edge to one side of the trench to prevent excavated soil from
re-entering the trench or test pit and to reduce pressure on the sidewalls. When possible, the soil
is deposited downwind of the ground crew and the machine operator. Shifting winds may cause
the machine and its operator and the ground crew to periodically move in order to remain
upwind. Under some conditions where remaining upwind is not possible, it may be necessary to
curtail further activities. The support crew should regularly check the machine operator who, if

in a partially enclosed cabin, may be susceptible to fumes/gases.

4.1.1 Safety Procedures

Material brought to the surface should be treated as hazardous and contained in an appropriate
manner. If the material is wet, the liquid seeping from the stockpile should be collected, sampled,

and disposed of in accordance with applicable regulations.

Entry of personnel into pits or trenches is strictly prohibited unless specifically approved and
strict adherence to state and federal Occupational Safety and Health Administration guidelines is

observed.

Unless full lateral support of the side walls is provided, personnel should never trench deeper
than 4 feet (chest height) when personnel will be working in the trench. Any personnel entering

the trench may be exposed to toxic or explosive gases and an oxygen-deficient environment. Air

\ ..
2 3 SOP-08 Revision 2

Basic Remediation

COMPANY



BMI Common Areas, Clark County, Nevada SOP-08 Trenching and Test Pitting
BRC Standard Operating Procedures August 2007

monitoring is required before and during entry and appropriate respiratory gear, protective
clothing, and egress/rescue equipment is mandatory. Caution should be exercised at all times.
For example, in combustible fills, temperature measurements may be necessary. On waste tips,
burning material below ground may give rise to toxic or flammable fumes from the hole; tip fires
may also create voids that may collapse under the weight of an investigation rig or backhoe

machine. Lagoons within waste tips may be areas of very soft ground.

At least two people must be present at the immediate site. Ladder access/egress out of the pit
must be installed before entry. Two ladders for worker access/egress must be provided for every
25 feet of lateral distance of a trench and, at a minimum, ladders shall be positioned at opposite

ends of trenches less than 25 feet in length.

Care should be taken to ensure that personnel do not stand too close to the edge of the trench
especially during sampling or depth measurements; the combination of depositing soil adjacent
to the pit and the risk of caving or toppling of the side walls in unstable soils can lead to unsafe

conditions.

4.1.2  Stability

Depending on the desired depth of excavation, the trench may require shoring to prevent the
sides from collapsing. Lateral support may be provided by a support frame system, or by
benching or sloping the sides of the excavation or trench to an appropriate angle. Any timbering

or support systems must be installed by qualified personnel.

Groundwater may be pumped out of the pit to stabilize the sidewalls and to keep the excavation
dry, allowing a greater depth to be reached especially in granular materials that are below the

water table.

Near-vertical slopes can stand for seconds or months, depending on the types of material
involved and various other factors affecting the stability. Although personnel should not be
entering the excavation, it is prudent to know the possible behavior of the various soil types and
conditions that may be encountered. Excavations into fill are generally much more unstable than

those in natural soil.
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Excavations in very soft, normally consolidated clay may stand vertically without support for
short periods. Long-term stability is dependent on a combination of factors: the type of soils,
pore pressures, and other forces acting within the soil, and adverse weather effects. Fissured
clays can fail along well-defined shear planes; therefore, their long-term stability is not

dependent on their shear strength and is difficult to predict.

Dry sands and gravels can stand at slopes equal to their natural angle of repose no matter what
the depth of the excavation (angles can range from approximately 28 to 46 degrees depending on

the angularity of grains and relative density).

Damp sands and gravels possess some cohesion and can stand vertically for short periods.
Water-bearing sands, however, are very difficult in open excavations. If they are cut steeply, as
in trench excavation, seepage of water from the face will result in erosion at the toe followed by
collapse of the upper part of the face until a stable angle of approximately 15 to 20 degrees is

obtained.

Dry silts may stand unsupported vertically, especially if slightly cemented. Wet silt is the most
troublesome material to excavate. Seepage leads to slumping and undermining with subsequent

collapse, eventually reaching a very shallow angle of repose.

It should not be taken for granted that excavations in rock will stand with vertical slopes
unsupported. Their stability depends on the soundness, angle of bedding planes, and the degree
of shattering. Unstable conditions can occur if bedding planes slope steeply towards the

excavation, especially if groundwater is present to act as lubrication.

4.2 Field Recording and Sampling Techniques

The field record should include a plan giving the location, dimensions, and orientation of the pit,
together with dimensioned sections of the sidewalls, description of the strata encountered, and
details of any sampling or testing carried out. A photographic record of the test pit, with an

appropriate scale, would be ideal.
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Any groundwater encountered should be noted with regard to its depth and approximate rate of
seepage. If possible, the groundwater level within the test pit should be monitored for

20 minutes, with readings taken at 5-minute intervals.

Working from the ground surface the technician can prepare a visual log of the strata/soil profile
and decide the interval of sampling. Samples from excavations can be either disturbed or

undisturbed.

Disturbed samples are taken from the excavator bucket or from the spoil. To obtain a
representative sample of the material at a certain depth, care must be taken not to include

scrapings from the sidewalls.

Undisturbed samples may be block samples, cut from in situ material; tube samplers may be
driven into the floor of the pit using a jarring link and drill rods and extracted using the backhoe

of the excavator.

Samples of groundwater or leachate may be taken using telescoping poles or a small bailer.

The required size of the samples will vary according to the intended analysis/testing to be carried

out.

4.3 Backfilling

The test pits or trenches should be backfilled immediately upon completion of the hole. Prior to
backfilling, pits and test trenches should be inspected to make sure it is safe to approach the
excavation with the backfill and equipment. Poorly compacted backfill will cause settlement at
the ground surface and hence the spoil should be recompacted in several thin layers using the

excavator bucket and any surplus material placed over the top of the pit.

In certain areas where soil borings are not required, the pit may be used to install gas monitoring
standpipes or piezometers. The granular filter is kept in place using sacking while the backfill

material is carefully emplaced around the instrument.
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If a sealing layer has been penetrated during excavation, resulting in a groundwater connection
between contaminated and previously uncontaminated zones, the backfill material must represent
the original conditions or be impermeable. Backfill material could comprise a soil-bentonite mix

or a cement-bentonite grout.

4.4 Decontamination

The purpose of decontamination and cleaning procedures during sampling tasks is to prevent
foreign contamination of the samples and cross contamination between sites. All sampling and
excavation equipment must be decontaminated before use. All fluids generated by
decontamination must be contained in U.S. Department of Transportation (DOT)-approved

55-gallon drums or other appropriate containers as specified in the site work plan.

\ ..
2 7 SOP-08 Revision 2

Basic Remediation

COMPANY



BASIC REMEDIATION COMPANY
STANDARD OPERATING PROCEDURES
BMI COMMON AREAS
CLARK COUNTY, NEVADA

SOP-09

SURFACE WATER AND SEDIMENT SAMPLING



BMI Common Areas, Clark County, Nevada SOP-09 Surface Water and Sediment Sampling
BRC Standard Operating Procedures August 2007

STANDARD OPERATING PROCEDURES

SOP-09
SURFACE WATER AND SEDIMENT SAMPLING
TABLE OF CONTENTS
Section Page
1.0 INTRODUCTION ..ottt bbbttt bbbt bttt e e e 1
2.0 DEFINITIONS ..ottt bbbttt bbb e st benbeene e e e e 1
3.0 RESPONSIBILITIES ...ooiiiiitiie ittt sttt sbe st naeneeneeneas 1
4.0 PROCEDURES.......ooi ettt sttt e b et te st et e neenaena e e nenee s 2
o = - ot |01 Vo OSSR 2
4.2 Defining the Sampling Program .........ccccceiiiieiie i 2
4.2.1  Sampling Program ODJECHIVES ........cccueiieriiiieiiesisie et 2
4.2.2 Location of Sampling StAtIONS.........c.cceiiiiiiiiiisieieeee e 4
4.2.3  Frequency OF SAMPIING ......cccooiiiieiieicie e sre e 5
4.3 Surface Water Sample COlECtiON ..........ccveiiiii e 5
4.3.1 Streams, Rivers, Outfalls, and Drainage Features (Ditches, Culverts)............. 5
4.3.2 Lakes, Ponds, and RESEIVOIIS .......cceiiiieiii ittt raae e 6
4.3.3  ESHUAIIES ...ttt bbbttt bt 7
4.3.4 Sampling Equipment and TEChNIQUES .........c.coveiiiiieiieieee e 8
4.4 Sediment SAMPIING ......ooiiii e 14
O R © 1= o - | ST 14
4.4.2 Sampling Equipment and TEChNIQUES .......cccvevvviieieere e 14
5.0 REFERENGCGES ......oooiiii ittt bbbttt 18
LIST OF FIGURES

Figure 1 Examples of Open Mouth SAMPIErS ... 10

Figure 2 Examples of Thief SamMPIErs ... 11

Figure 3  Depth-Integrating SAMPIErS........cc.oiviiiiieiiece e 13
3\ i SOP-09 Revision 2

Basic Remediation

COMPANY



BMI Common Areas, Clark County, Nevada SOP-09 Surface Water and Sediment Sampling
BRC Standard Operating Procedures August 2007

DISCLAIMER

THE FOLLOWING STANDARD OPERATING PROCEDURE PROVIDES GENERAL
GUIDANCE FOR BRC CONTRACTORS FOR TECHNICAL ISSUES ADDRESSED
DURING ENVIRONMENTAL SITE INVESTIGATION AND REMEDIATION
ACTIVITIES. IT ISNOTED, HOWEVER, THAT EACH SITE IS UNIQUE AND THESE
GUIDELINES ARE NOT A SUBSTITUTE FOR COMMON SENSE AND GOOD
MANAGEMENT PRACTICES BASED ON PROFESSIONAL TRAINING AND
EXPERIENCE. IN ADDITION, INDIVIDUAL CONTRACT TERMS MAY AFFECT
THE IMPLEMENTATION OF THIS STANDARD OPERATING PROCEDURE. BRC
CONTRACTORS RESERVE THE UNRESTRICTED RIGHT TO CHANGE, MODIFY
OR NOT APPLY THESE GUIDELINES IN THEIR SOLE, COMPLETE, AND
UNRESTRICTED DISCRETION TO MEET CERTAIN CIRCUMSTANCES,
CONTRACTUAL REQUIREMENTS, SITE CONDITIONS, OR JOB REQUIREMENTS.
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1.0 INTRODUCTION

This Standard Operating Procedure (SOP) describes methods and equipment commonly used for
collecting environmental samples of surface water and aquatic sediment for either on-site
examination or chemical testing, or for laboratory analysis.

The information presented in this guideline is generally applicable to all environmental sampling
of surface waters and aquatic sediments, except where the analyte(s) may interact with the
sampling equipment. The collection of concentrated sludges or hazardous waste samples from
disposal or process lagoons often requires methods, precautions, and equipment different from
those described herein.

Specific sampling problems may require the adaptation of existing equipment or design of new
equipment. Such innovations should be described in the sampling plan (or addendum to the
sampling plan if the remedial investigation is ongoing) and brought to the attention of the project
manager.

2.0 DEFINITIONS

Environmental Sample Low constituent-concentration sample typically collected off site
and not requiring U.S. Department of Transportation (DOT)
hazardous waste labeling or Contract Laboratory Program (CLP)
handling as a high hazard sample.

Hazardous Waste Sample Medium to high constituent-concentration sample (e.g., source
material, sludge, leachate) requiring DOT labeling and CLP
handling as a high hazard sample.

3.0 RESPONSIBILITIES

The Field Team Leader or Task Leader (a qualified Nevada Certified Environmental Manager
[C.E.M.]) has overall responsibility for the correct implementation of surface water and sediment
sampling activities, including review of the sampling plan with, and any necessary training of,
the sampling technician(s). The actual collection, packaging, documentation (sample label and
log sheet, chain-of-custody record, etc.) and initial custody of samples will be the responsibility
of the sampling technician(s).
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4.0 PROCEDURES
4.1 Background

Collecting a representative sample from surface water or sediments is often difficult because of
water movement, stratification, or the intermittent nature of these media. To collect
representative samples, sampling bias must be standardized relative to site selection; sampling
frequency; sample collection; sampling devices; and sample handling, preservation, and
identification.

Representativeness is a qualitative description of the degree to which an individual sample
accurately reflects population characteristics or parameter variations at a sampling point. It is
therefore an important quality not only for assessment and quantification of environmental
threats posed by the site, but also for providing information for engineering design and
construction. Proper sample location selection and sample collection methods are important to
ensure that a truly representative sample has been taken. Regardless of scrutiny and quality
control applied during laboratory analyses, reported data are no better than the confidence that
can be placed in the representativeness of the samples.

4.2 Defining the Sampling Program

Factors that must be considered in developing a sampling program for surface water or
sediments, including study objectives, are accessibility; site topography; flow, mixing, and other
physical characteristics of the water body; point and diffuse sources of contamination; and
personnel and equipment available to conduct the study. For waterborne constituents, dispersion
depends on the vertical and lateral mixing within the body of water. For sediments, dispersion
depends on bottom current or flow characteristics, sediment characteristics (density, size) and
geochemical properties (which affect adsorption/desorption). The professional developing the
sampling plan must therefore know not only the mixing characteristics of streams and lakes, but
also must understand the role of fluvial-sediment transport, deposition, and chemical sorption.

4.2.1 Sampling Program Objectives

The objective of surface water sampling is to determine the surface water quality entering,
leaving, or remaining within the site. The scope of the sampling program must consider the
sources and potential pathways for transport of contamination to or in a surface water body.
Sources may include point sources (leaky tanks, outfalls, etc.) or nonpoint sources (e.g., spills).
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The following are major pathways for surface water contamination (not including airborne
deposition):

e Overland runoff

o Leachate influx to the water body

o Direct waste disposal (solid or liquid) into the water body
o Groundwater influx

The relative importance of these pathways, and therefore the design of the sampling program, is
controlled by the physiographic and hydrologic features of the site, the drainage basin(s) that
encompass the site, and the history of site activities.

Physiographic and hydrologic features to be considered include the following:
o Slopes and runoff direction

o Areas of temporary flooding or pooling

o Tidal effects

« Atrtificial surface-runoff controls such as berms or drainage ditches (and when they were
constructed relative to site operation)

o Locations of springs, seeps, marshes, etc.

In addition, the obvious considerations such as the location of man-made discharge points to the
nearest stream (intermittent or flowing), pond, lake, estuary, etc., should not be overlooked.

A more subtle consideration in designing the sampling program is the potential for dispersion of
dissolved or sediment-associated contaminants away from the source. The dispersion could lead
to a more homogeneous distribution of contamination at low or possibly non-detectable
concentrations. Such dispersion, however, does not always readily occur. For example, obtaining
a representative sample of contamination from a main stream immediately below an outfall or a
tributary is difficult because the inflow frequently follows a stream bank with little lateral mixing
for some distance. Sampling alternatives to overcome this situation are to 1) move the sampling
site far enough downstream to allow for adequate mixing, or 2) collect integrated samples in a
cross section. Also, nonhomogeneous distribution is a particular problem with regard to
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sediment-associated contaminants, which may accumulate in low-energy environments (coves,
river bends, deep spots, or even behind boulders) near or distant from the source, while higher
energy areas (main stream channels) near the source may show no contaminant accumulation.

The distribution of particulates within a sample is an important consideration. Many organic
compounds are only slightly water-soluble and tend to be adsorbed by particulate matter.
Nitrogen, phosphorus, and heavy metals may also be transported by particulates. Samples must
be collected with a representative amount of suspended material; transfer from the sampling
device should include transferring a proportionate amount of the suspended material.

The first steps in selecting sampling locations, therefore, are to 1) review site history, 2) define
the hydrologic boundaries and features of the site, and 3) identify the sources, pathways and
potential distribution of contamination. Based on these considerations, the numbers, types, and
general locations of required samples upgradient (for background measurement) on site and
downgradient can be identified.

4.2.2 Location of Sampling Stations

Accessibility is the primary factor affecting sampling costs. The desirability and utility of a
sample for analysis and description of site conditions must be balanced against the costs of
collection as controlled by accessibility. Bridges or piers are the first choice for locating a
sampling station on a stream because bridges provide ready access and permit the sampling
technician to sample any point across the stream. A boat or pontoon (with an associated increase
in cost) may be needed to sample locations on lakes and reservoirs, as well as those locations on
larger rivers. Frequently, however, a boat will take longer to cross a water body and will hinder
manipulation of the sampling equipment. Wading for samples is not recommended unless it is
known that contaminant levels are low enough that skin contact will not produce adverse health
effects. This provides a built-in margin of safety in the event that wading boots or other
protective equipment should fail to function properly. If it is necessary to wade into the water
body to obtain a sample, the sampler should be careful to minimize disturbance of bottom
sediments and must enter the water body downstream of the sampling location. If necessary, the
sampling technician should wait for the sediments to settle before taking a sample.

Sampling in marshes or tidal areas may require the use of an all-terrain-vehicle. The same
precautions mentioned above with regard to sediment disturbance will apply.

Under ideal and uniform contaminant dispersion conditions in a flowing stream, the same
concentrations of each would occur at all points along the cross section. This situation is most
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likely downstream of areas of high turbulence. Careful site selection is needed to ensure, as
closely as possible, that samples are taken where uniform flow or deposition and good mixing
conditions exist.

The availability of streamflow and sediment discharge records can be an important consideration
in choosing sampling sites in streams. Streamflow data in association with contaminant
concentration data are essential for estimating the total contaminant loads carried by the stream.
If a gauging station is not conveniently located on a selected stream, the project hydrologist
should explore the possibility of obtaining streamflow data by direct or indirect methods.

4.2.3 Frequency of Sampling

The sampling frequency and the objectives of the sampling event will be defined by the work
plan. For single-event site- or area-characterization sampling, both bottom material and
overlying water samples should be collected at the specified sampling stations. If valid data are
available on the distribution of the contaminant between the solid and aqueous phases, it may be
appropriate to sample only one phase, although this is not often recommended. If samples are
collected primarily for monitoring purposes, consisting of repetitive, continuing measurements to
define variations and trends at a given location, water samples should be collected at a pre-
established and constant interval as specified in the work plan (often monthly or quarterly) and
during droughts and floods. Samples of bottom material should be collected from fresh deposits
at least yearly, and preferably during both spring and fall seasons.

The variability in available water-quality data should be evaluated before deciding on the
number and collection frequency of samples required to maintain an effective monitoring
program.

4.3 Surface Water Sample Collection
4.3.1 Streams, Rivers, Outfalls, and Drainage Features (Ditches, Culverts)

Methods for sampling streams, rivers, outfalls, and drainage features at a single point vary from
the simplest of hand-sampling procedures to the more sophisticated multipoint sampling
techniques known as the equal-width-increment (EWI) method or the equal-discharge-increment
(EDI) methods (defined below).

Samples from different depths or cross-sectional locations in the water course taken during the
same sampling episode should be composited. However, samples collected along the length of
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the watercourse or collected at different times may reflect differing inputs or dilutions and
therefore should not be composited. Generally, the number and type of samples to be taken
depend upon the width of the river, depth, discharge, and the suspended sediment the river
transports. The greater number of individual points that are sampled, the more likely that the
composite sample truly will represent the overall characteristics of the water.

In small streams less than about 20 feet wide, a sampling site can generally be found where the
water is well mixed. In such cases, a single grab sample taken at mid-depth in the center of the
channel is adequate to represent the entire cross section.

For larger streams, at least one vertical composite should be taken with one sample each from
just below the surface, at mid-depth, and just above the bottom. Measurements of dissolved
oxygen (DO), pH, temperature, conductivity, etc., shall be made on each aliquot of the vertical
composite and on the composite itself. For rivers, several vertical composites should be
collected.

4.3.2 Lakes, Ponds, and Reservoirs

Lakes, ponds, and reservoirs have a much greater tendency to stratify than rivers and streams do.
The relative lack of mixing requires that a high number of samples be obtained to adequately
represent the overall characteristics of the water body.

The number of water sampling sites on a lake, pond, or impoundment will vary with the size and
shape of the basin. In ponds and small lakes, a single vertical composite at the deepest point may
be sufficient. Similarly, measurements of DO, pH, temperature, etc., are to be conducted on each
aliquot of the vertical composite. In naturally formed ponds, the deepest point may have to be
determined empirically; in impoundments, the deepest point is usually near the dam.

In lakes and larger reservoirs, several vertical composites should be composited to form a single
sample. These verticals are often taken along a transect or grid. In some cases, it may be of
interest to form separate composites of epilimnetic and hypolimnetic zones. In a stratified lake,
the epilimnion is the upper, warmer, and less dense layer of lake water (above the thermocline)
that is exposed to the atmosphere. The hypolimnion is the lower, "confined” layer that is only
mixed with the epilimnion and vented to the atmosphere during seasonal "overturn™ (when
density stratification disappears). These two zones thus may have very different concentrations
of contaminants if input is only to one zone, if the contaminants are volatile (and therefore
vented from the epiliminion but not the hypolimnion), or if the epilimnion only is involved in
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short-term flushing (i.e., inflow from or outflow to shallow streams). Normally, however, a
composite consists of several verticals with samples collected at various depths.

In lakes with irregular shape and with bays and coves that are protected from the wind, separate
composite samples may be needed to adequately represent water quality since it is likely that
only poor mixing will occur between these areas. Similarly, additional samples should be taken
where discharges, tributaries, land-use characteristics, and other such factors are suspected of
influencing water quality.

Most lake measurements should be made in-situ using sensors and automatic readout or
recording devices. Single and multiparameter instruments are available for measuring
temperature, depth, pH, oxidation-reduction potential, specific conductance, DO, some cations
and anions, and light penetration.

433 Estuaries

Estuarine areas are by definition zones where inland fresh waters (both surface and ground) mix
with oceanic saline waters. Estuaries are generally categorized into three types, depending on
freshwater inflow and mixing properties. Knowledge of the estuary type is necessary to
determine sampling locations. Following are the three types of estuaries:

e Mixed estuary—characterized by the absence of a vertical halocline (gradual or no marked
increase in salinity in the water column) and a gradual increase in salinity seaward. Typically
this type of estuary is shallow and is found in major freshwater sheetflow areas. Since they
are well mixed, the sampling locations are not critical in this type of estuary.

o Salt wedge estuary—characterized by a sharp increase in salinity with depth and stratified
freshwater flow along the surface. In these estuaries, the vertical mixing forces cannot
override the density differential between fresh and saline waters. In effect, a salt wedge
tapering inland moves horizontally, back and forth, with the tidal phase. If contamination is
being introduced into the estuary from upstream, water sampling from the salt wedge may
miss it entirely.

e Oceanic estuary—characterized by salinity approaching full-strength oceanic waters.
Seasonally, freshwater inflow is small, with the preponderance of the fresh-saline water
mixing occurring near, or at, the shoreline.
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Sampling in estuarine areas is normally based upon the tidal phases, with samples collected on
successive slack tides (i.e., when the tide turns). Estuarine sampling programs should include
vertical salinity measurements at 1- to 5-foot increments coupled with vertical DO and
temperature profiles.

4.3.4 Sampling Equipment and Techniques

The selection of sampling equipment depends on the site conditions and sample type required. In
addition, the chemical compatibility of the sampling equipment with the constituents of concern
must be addressed prior to initiating the sampling program. The following are the most
frequently used samplers:

o Open-mouth bottle sampler (dip sampler)
o Weighted bottle sampler

e Hand pump

e Thief samplers

o Depth-Integrating sampler

The open-mouth bottle sampler (dip sampler) and the weighted bottle sampler are used most
often.

The criteria for selecting a sampler include the following:

o Disposable and/or easily decontaminated

o Inexpensive (if the item is to be disposed of)

o Ease of operation, particularly if personnel protection required is above Level D

« Nonreactive/noncontaminating—Teflon®-coated, glass, stainless steel, or polyvinyl chloride
(PVC) sample chambers are preferred (in that order)

Each sample (grab or each aliquot collected for compositing) should be measured for the
following:

e Specific conductance
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e Temperature
e pH (optional)
e DO (optional)

These items should be measured for as soon as the sample is recovered. These analyses will
provide information on water mixing/stratification and potential contamination.

Open-Mouth Bottle Sampling (Dip Sampling)

Water is often sampled by filling a container, either attached to a pole or held directly, from just
beneath the surface of the water (a dip or grab sample [Figure 1]). Constituents measured in grab
samples are only indicative of conditions near the surface of the water and may not truly
represent the total concentration distributed throughout the water column and in the cross
section. Therefore, dip samples should be augmented whenever possible with samples that
represent both dissolved and suspended constituents and both vertical and horizontal
distributions.

Sample bottles containing preservatives should never be used to directly collect surface water
samples.

Weighted Bottle Sampling

A grab sample can also be taken using a weighted holder that allows a sample to be lowered to
any desired depth, opened for filling, closed, and returned to the surface. This allows discrete
sampling with depth. Several of these samples can be combined to provide a vertical composite.
Alternatively, an open bottle can be lowered to the bottom and then raised to the surface at a
uniform rate. In this manner the sample will be collected throughout the depth interval and will
be filled just before it reaches the surface. Using either method, the resulting sample will roughly
approach what is known as a depth-integrated sample.

A closed, weighted bottle sampler consists of a stoppered glass or plastic bottle, a weight and/or
holding device, and lines to open the stopper and lower or raise the bottle (Figure 1). The
procedure for sampling is:

1. Gently lower the sampler to the desired depth so as not to remove the stopper prematurely
(watch for bubbles).
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2. Pull out the stopper with a sharp jerk of the sampler line.
3. Allow the bottle to fill completely, as evidenced by the cessation of air bubbles.
4. Raise the sampler and cap the bottle

5. Decontaminate the outside of the bottle. The bottle can be used as the sample container (as
long as original bottle is an approved container).

Sus&aension
rop

Sampler
body

(]
22/

Quick-release
pin crossbar
with pull ring

A. Hand-held open-mouth bottle sampler B. US WBH-96 weighted-bottle sampler

Inlet — exhaust
port
Sample cover Sample
inlet \ inlet
Z/EF ~
§ Sample tube
overflow
¥ " Vil
* 1a
© T~ BOD
| A bottles
i )
Weight attachment
C. BOD sampler D. VOC sampler

Not to scale

Figure 1 Examples of Open Mouth Samplers
(Source: USGS, 1997-1999)

Hand Pumps

Hand pumps may operate by peristaltic, bellows, diaphragm, or siphon action. Hand pumps that
operate by bellow, diaphragm, or siphon action should not be used to collect samples that will be
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analyzed for volatile organics because the slight vacuum applied may cause loss of these
contaminants. To avoid contamination of the pump, a liquid trap consisting of a vacuum flask or
other vessel to collect the sample should be inserted between the sample inlet hose and the
pump. Tubing used for the inlet hose should be nonreactive (preferably Teflon®). The tubing and
liquid trap must be thoroughly decontaminated between uses (or disposed of after one use).
When sampling, the tubing is weighted and lowered to the desired depth. The sample is then
obtained by operation of the pump, and subsequently transferred from the trap to the sample
container.

Thief Samplers

Thief samplers are used to collect “point” samples from a specific depth. Examples of thief
samplers include Kemmerer and Van Dorn samplers, and double check-valve bailers (Figure 2).
The Kemmerer sampler is a brass cylinder with rubber stoppers that leave the ends open while
being lowered in a vertical position to allow free passage of water through the cylinder. The Van
Dorn sampler is plastic and is lowered in a horizontal position. In both the Kemmerer and Van
Dorn samplers, a "messenger" is sent down the line when the sampler is at the designated depth,
to cause the stoppers to close the cylinder, which is then raised. A double check-valve bailer is
similar to a Kemmerer sampler in that it allows free passage of water through the cylinder until
the desired sampling depth is reached. However, the check valves automatically close when the
bailer is retrieved. Water is removed through a valve to fill sample bottles.

Bottom-
emptying
device
Top ball (fits under
DN check bottom
~1 valve check valve)
| _|_Sample
chamber
Bottom ball
check valve
L
Not to scale

A. Kemmerer sampler B, Van Dorn sampler  C. Double check-valve bailer
and bottom-emptying device

Figure 2 Examples of Thief Samplers
(Source: USGS, 1997-1999)
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Depth-Integrated Sampling

Depth integration is used to collect a water and suspended material sample, in direct proportion
to relative velocity at each increment of depth. This means that the volume of water and
suspended material must enter the sample bottle at a rate proportional to the velocity of the flow
passing the intake of the sampler. If a depth-integrating sampler is lowered from the surface to
the bed and back at the same rate, and presuming that the sampler is not overfilled during the
course of the sampling operation, each increment of flow in that vertical is sampled
proportionately to the velocity. The minimum stream velocity must be greater than 1.5 feet per
second (ft/s) for a depth-integrated sampler with a rigid bottle, or greater than 3.0 ft/s for a
depth-integrated sampler with a bag (USGS, 1998).

One method of collecting depth-integrated samples is the EWI technique. Samples are taken at
several equally spaced verticals across the stream, with the transit rate of the sampler (that is, the
velocity at which the sampler is passed through the water column) the same in all verticals. The
samples collected in each vertical are then composited into a single sample representative of the
entire flow in the cross section. Because the volume collected in each vertical sample will be
directly in proportion to depth and velocity at the vertical location, the composite sample of the
water-sediment mixture flowing in the cross section will be discharge-weighted.

In the EDI technique, the positions of sampling verticals across the stream are based on
incremental discharges rather than width (i.e., deeper or higher velocity areas of the stream cross
section are sampled at a closer spacing). This method provides the most accurate measure of
total discharge of the contaminant for streams that are not well mixed; however, it requires
knowledge of the cross-sectional stream flow distribution.

The EDI method has these advantages: variable transit rates may be used because samples can be
composited in proportion to known stream flow distribution, fewer verticals need to be sampled,
and cross-section discharge information is obtained. The primary disadvantage of the method is
that the streamflow distribution in the cross section must be known or measured each time before
sampling.

The EWI method has these advantages: discharge measurements are not needed, the technique is
learned easily, and the technique is applicable where cross-sectional stream flow distribution
varies because of shifting beds or other causes. The main disadvantages are that the procedure is
time consuming for large streams and does not provide quantitative information on cross-
sectional discharge because this parameter does not need to be measured for the EWI method.
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Furthermore, the EWI method requires sampling at equally spaced verticals and use of identical
transit rates within each vertical.

Because these multi-point sampling techniques can become very time consuming and expensive,
an alternate method often used involves sampling at the quarter points or other equal intervals
across the width of the stream. Composites of individual samples collected at the quarter points
can be fairly representative, providing the stream cross section is properly located.

Several depth-integrating samplers specifically designed and suitable for collecting
representative samples are available and include the US DH-81, US DH-95, US DH-77 samplers
(Figure 3). US DH-81 or US DH-95 samplers can be used where flowing water can be waded or
where a bridge is accessible. The US DH-77 (or the D-77 Bag, or Frame-Bag sampler) is a cable-
and-reel sampler for use when flowing water cannot be waded.

Because of the number and diversity of analyses that may be performed on collected surface
water or water-sediment mixtures, a sample splitter will often be required. A churn splitter is a
practical means for splitting composited samples into representative subsamples.

A. US DH-81 sampler

D. US D-96 sampler

E. US D-99 sampler

Not to scale

Figure 3 Depth-Integrating Samplers
(Source: USGS, 1997-1999)
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4.4 Sediment Sampling
44.1 General

Sediment samples are usually collected at the same locations where surface water samples were
collected. If only one sediment sample is to be collected, the site should be approximately at the
center of the water body. This is particularly true for reservoirs that are formed by the
impoundment of rivers or streams. Generally, the coarser grained sediments are deposited near
the headwaters of the reservoir. Bed sediments near the center will be composed of fine-grained
materials that may contain greater concentrations of contaminants because of their lower
porosity and greater surface area available for adsorption. The shape, flow pattern, bathymetry
(depth distribution), and water circulation patterns must all be considered when selecting
sediment sampling sites. In streams, areas likely to have sediment accumulation (bends; behind
islands or boulders; quiet, shallow areas; or very deep, low-velocity areas) should be sampled
while areas likely to show net erosion (high velocity, turbulent areas) and suspension of fine
solid materials should be avoided.

Chemical constituents associated with bottom material may reflect an integration of chemical
and biological processes. Bottom-material samples reflect the historical input to streams, lakes,
and estuaries with respect to time, application of chemicals, and land use. Bottom sediments
(especially fine-grained materials) may act as a sink or reservoir for adsorbed heavy metals and
organic contaminants (even if water-column concentrations are below detection limits).
Therefore, it is important to minimize the loss of low-density "fines" during any sampling
process.

4.4.2 Sampling Equipment and Techniques

A sediment sample may consist of a single scoop or core or may be a composite of several
individual samples in the cross section. Sediment samples may be obtained using onshore or
offshore techniques.

When boats are used for sampling, life preservers must be provided and two individuals must
undertake the sampling. An additional person should remain on shore in visual contact at all
times. Please refer to the site-specific health and safety plan for details regarding sampling from
a boat.

The following samplers may be used to collect bottom materials:
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Scoop sampler

Core samplers

Hand-operated gravity corers

Dredge samplers

Scoop Sampler

A scoop sampler consists of a pole to which a jar or scoop is attached. The pole may be made of
bamboo, wood, or aluminum and be either telescoping or of fixed length. The scoop or jar at the
end of the pole is usually attached using a clamp.

If the water body can be sampled from the shore or if it can be waded, the easiest way to collect
a sediment sample is to use a scoop sampler. This reduces the potential for cross-contamination
because the scoop can be discarded or easily decontaminated between samples. This method is
accomplished by reaching over or wading into the water body and, while facing upstream (into
the current), scooping the sample along the bottom in the upstream direction. The sediment is
then transferred from the scoop to the appropriate sample container. Please note that it is very
difficult not to disturb fine-grained materials of the sediment-water interface when using a scoop
sampler.

Core Samplers

Core samplers are used to sample vertical columns of sediment. They are useful when a
historical record of sediment deposition is desired because they preserve the sequential layering
of the deposit. Coring devices are particularly useful for sediments because they disturb fine-
grained materials of the sediment-water interface less than other sampling methods. Also, the
sample is withdrawn intact, permitting the removal of only those layers of interest and glass or
Teflon® core liners can be used in order to prevent possible sample contamination. In addition,
samples are easily labeled and submitted to the lab for analysis in the tube in which they are
collected. The disadvantage of coring devices is that a relatively small surface area and sample
size is obtained, necessitating repetitive sampling to obtain enough sample for some analyses.

Many types of coring devices have been developed to address varying water depths, the nature of
the bottom material, and the length of the core to be collected. In shallow wadeable waters, the
direct use of a glass or Teflon® core liner or tube is recommended. Teflon® is preferred to avoid
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glass breakage and possible sample loss. The use of the tube by itself eliminates the need to
decontaminate core barrels, cutting heads, and retainers between samples.

Core sampler tubes or liners should be approximately 12 inches long when only recently
deposited sediments (8 inches or less) are to be sampled. Soft or semiconsolidated sediments
such as mud and clays have a greater adherence to the inside of the tube and thus can be sampled
with large-diameter tubes. However, because coarse or unconsolidated sediments such as sand
and gravel will tend to fall out of the tube, a smaller diameter is required. A tube about 2 inches
in diameter is usually sufficient. The wall thickness of the tube should be about 1/3 inch for
either Teflon® or glass. The end of the tube may be tapered by filing it down to facilitate entry of
the liner into the substrate.

Hand-Operated Gravity Corers

Hand corers are generally constructed of an outer rigid metal tube into which a plastic, brass, or
Teflon® core sleeve fits with minimal clearance. The cutting edge of the corer has a recessed lip
on which the core sleeve rests and which accommodates a plastic core catcher. The core catcher
is composed of intermeshing "fingers™ that point upward into the core sleeve so that when the
sampler is pressed into the sediment, the core is free to move past the catcher, but the core
cannot fall through the catcher upon removal of the sampler from the sediment.

Use of hand corers or liners involves pushing the device into the substrate until only 4 inches or
less is above the sediment-water interface. When sampling hard or coarse substrates, a gentle
rotation of the corer while it is pushed will facilitate greater penetration and will reduce sample
compaction. After the corer is slowly extracted, the liner is removed and capped with a sheet of
Teflon held in place by a plastic cap. If the top or bottom of the liner contains water or air, the
water should be carefully decanted (to avoid removal of surface sediments) and the ends packed
with clean silica sand. The caps are then placed and secured with friction tape, which is in
contact with only the plastic cap and the outside of the liner. The orientation of the core should
be marked on the sleeve and maintained during transport to the laboratory.

Gravity corers are used to obtain sediment samples in water bodies deeper than 3 to 5 feet. These
samplers can be used for collecting 1 to 2 foot cores of fine-grained sediments from depths of up
to several hundred feet beneath the water surface.

The gravity core sampler operates in a manner similar to the hand-operated core. A plastic, brass,
or Teflon® liner fits within a metal core housing fitted with a cutting edge. Core-catchers are
used to retain the core within the liner. An opening exists above the liner to allow free flow of
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water through the corer as it moves vertically through the water and into the sediment. The
sampler has a messenger-activated valve assembly that seals the opening above the liner
following sediment penetration, which creates a partial vacuum to assist in sample retention
during retrieval.

Samples are obtained by allowing the sampler, which is attached to sufficient length of stainless
steel cable, to drop to the bottom. The weight of the sampler drives the core into the sediment to
varying depths depending on the characteristics of the sediments. The messenger is then dropped
and the sampler carefully retrieved. Upon retrieval, treatment is similar to that described above
for hand corers.

Dredges

Dredges are generally used to sample sediments that cannot easily be obtained using coring
devices (i.e., coarse-grained or semi-consolidated materials) or when large quantities of materials
are required. Dredges generally consist of a clam shell arrangement of two buckets. The buckets
either may close upon impact or be activated by use of a messenger. Some dredges are heavy (up
to several hundred pounds) and require use of a winch and crane assembly for sample retrieval.
There are three major types of dredges: Peterson, Eckman, and Ponar.

The Peterson dredge is used when the bottom is rocky, in very deep water, or when the flow
velocity is high. The dredge should be lowered very slowly as it approaches bottom, because it
can force out and miss lighter materials if allowed to drop freely.

The Eckman dredge performs well in sediments that are unusually soft (organic sludge or light
mud). It is unsuitable, however, for sandy, rocky, and hard bottoms and is too light for use in
streams with high flow velocities.

The Ponar dredge is a Peterson dredge modified by the addition of side plates and a screen on the
top of the sample compartment. The screen over the sample compartment permits water to pass
through the sampler as it descends, thus reducing the “shock wave” and permitting direct access
to the secured sample without opening the closed jaws. Access to the secured sample through the
covering screens permits subsampling of the secured material with coring tubes or scoops. Like
Peterson dredge, the Ponar dredge is easily operated by one person, and is one of the most
effective samplers for general use on all types of substrates.
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DISCLAIMER

THE FOLLOWING STANDARD OPERATING PROCEDURE PROVIDES GENERAL
GUIDANCE FOR BRC CONTRACTORS FOR TECHNICAL ISSUES ADDRESSED
DURING ENVIRONMENTAL SITE INVESTIGATION AND REMEDIATION
ACTIVITIES. IT ISNOTED, HOWEVER, THAT EACH SITE IS UNIQUE AND THESE
GUIDELINES ARE NOT A SUBSTITUTE FOR COMMON SENSE AND GOOD
MANAGEMENT PRACTICES BASED ON PROFESSIONAL TRAINING AND
EXPERIENCE. IN ADDITION, INDIVIDUAL CONTRACT TERMS MAY AFFECT
THE IMPLEMENTATION OF THIS STANDARD OPERATING PROCEDURE. BRC
CONTRACTORS RESERVE THE UNRESTRICTED RIGHT TO CHANGE, MODIFY
OR NOT APPLY THESE GUIDELINES IN THEIR SOLE, COMPLETE, AND
UNRESTRICTED DISCRETION TO MEET CERTAIN CIRCUMSTANCES,
CONTRACTUAL REQUIREMENTS, SITE CONDITIONS, OR JOB REQUIREMENTS.
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1.0 INTRODUCTION

Surveying is the science and art of making the measurements necessary to determine the relative
positions of points above, on, or beneath the surface of the earth or to establish such points. This
Standard Operating Procedure (SOP) provides a description of the general types of surveys and
requirements for performing the various surveys. This document describes the applicability and
operation of control, land, topographic, and aerial surveys along with precision and accuracy
required for each, as well as Global Positioning System (GPS) survey techniques. This SOP is
intended for the project leader to help develop work plans and manage resources.

2.0 DEFINITIONS

Accuracy Accuracy refers to the closeness between measurements and
expectations or true values. The farther a measurement is from its
expected value, the less accurate it is. Observations may be
accurate but not precise if they are well distributed about the
expected value but are significantly disbursed from one another.

Accuracy is often referred to in terms of its order (i.e., first,
second, or third order accuracy). The order of accuracy refers to
the error of closure allowed; guidelines for each order of accuracy
are as follows:

Order of Accuracy Maximum Error

1st 1/25,000
2nd 1/10,000
3rd 1/5,000
4th 1/3,000
Benchmarks Benchmarks are monuments placed by surveyors to serve as

permanent reference points. They are elevation markers, and their
location and elevation are definitely established and recorded on
surveyors' level notes. They are set upon some permanent object to
ensure they remain undisturbed.

Differential GPS (DGPS)  Differential GPS overcomes signal degradation from overhead
satellites. With DGPS, a GPS receiver is placed at a known
location. The position information from the receiver is used to
correct the position data transmitted by the satellites. The corrected
information is then transmitted to other GPS receivers in the area.

Global Positioning System  This system utilizes a network of overhead satellites orbiting the
earth to locate objects and/or targets on the surface of the earth.
Data from a minimum of three satellites is required to plot (by
triangulation) the location of a certain point. Accuracy is
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dependent on the duration of data collection and the type of
receiver/antenna used.

Monuments Classified as natural, artificial, record, or legal. Examples of
natural are trees, large stones, or other substantial, naturally
occurring objects in place before the survey was made. Artificial
monuments can consist of iron pipe or bar driven into the ground,
concrete or stone monument with a drill hole, cross, or metal plug
marking an exact location (such as a corner). The standard for
monumenting public-land surveys, as adopted by the Bureau of
Land Management, is a post made of iron pipe filled with concrete,
the lower end of the pipe split and spread to form a base and the
upper end fitted with a brass cap with identifying marks. A record
monuments exists because of a reference in a deed or description
(i.e., the side line of street). A legal monument is one that is
controlling in the description (i.e., "to a concrete post").

Precision Precision pertains to the closeness to one another of a set of
repeated observations of a random variable. It is a measure of the
reproducibility of a result or measured value. Thus, if such
observations are closely clustered together, then the observations
are said to have been obtained with high precision. Observations
may be precise but not accurate if they are closely grouped about a
value that is different from the expected or true value.

Station A station is a 100-foot section of a measurement from a reference
point such as a benchmark. For example, a stake placed 1,500 feet
from a reference point is at station 15 and is labeled "15+00," and
a stake placed 1,325 from a reference point is labeled "13+25."

3.0 RESPONSIBILITIES

This section presents a brief definition of field roles and the responsibilities generally associated
with them. This list is not intended to be comprehensive and additional personnel may be
involved in other aspects of the project. Project team member information shall be included in
project-specific plans (e.g., work plan, field sampling plan, quality assurance plan), and field
personnel shall always consult the appropriate documents to determine project-specific roles and
responsibilities. In addition, one person may serve in more than one role on any given project.

The Project Manager or Task Leader (a qualified Nevada Certified Environmental Manager
[C.E.M.]) has overall responsibility for establishing the specific technical requirements and
coordinating the survey services. The project manager shall rely on input from other key project
staff who may have more detailed knowledge of these technical requirements and would be on-
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site to oversee the survey. To facilitate the management and administration of surveying services
procured for a particular site, the project manager may delegate the Field Team Leader (FTL) as
the focal point for all matters involving surveying services.

The Quality Control Manager performs project audits and ensures that project-specific data
quality objectives are fulfilled.

The FTL and/or Field Geologist, Hydrogeologist, or Engineer (a qualified Nevada C.E.M.) is
responsible for implementation of the actual field activities performed on site by the Surveying
Contractor. In addition, the FTL shall be responsible for scheduling and coordinating field
activities, overseeing survey activities and preparing daily logs of field activities.

The Surveyor (Surveying Contractor) is responsible for assuring that all surveying field
operations, office calculations, map preparation, and related surveying activities conform to
established guidelines and the specific requirements of the surveying subcontract (including
health and safety requirements). All surveying operations shall be performed by or under the
direction of a Licensed (or Registered) Land Surveyor (licensed in that particular state), who
shall sign and seal all final drawings, maps, and reports submitted for the assignment.

4.0 PERFORMING SURVEYS

Surveys are used to measure horizontal and vertical distances between objects, to measure angles
between lines, to determine the direction of lines, and to establish points by predetermined
angular and linear measurements. The following sections describe various types of surveys that
are typically used for environmental investigations and the precision and accuracy required for
each, what information may be required to perform the survey, and when each survey may be
appropriate. Emphasis is placed on the application of surveying techniques to environmental
investigations. All topographical surveys shall be performed by a Licensed Surveyor.

4.1 Establishing Control

Prior to initiating any type of survey, control points (monuments, baselines, etc.) are established.
The type of control needed depends on the order (first, second, or third) of accuracy required.
Established control points are based on the North American Datum (NAD), 1927 and 1983,
which publishes specifications for first-, second-, and third-order horizontal and vertical control
surveys. These specifications provide a starting point for establishing standards on most projects
that required basic control surveys. The surveying contractor must be familiar with established
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control points near the site to be surveyed. From these control points, the surveyor measures
angles and distances to the site to be surveyed to establish local control at the site.

Based on project requirements, monuments that can be used in future site-surveys as a control
point may be set. Care is taken when establishing new control points and elevations from other
agencies' vertical control points to ensure that all the old control bench marks are on the same
datum or reference plane. The monument is stamped with the state planar coordinates and the
elevation (feet above mean sea level) so that it shall serve as a reference point for additional
surveys. This can save time in future survey work, as the surveying contractor will not have to
survey new locations from distant established control points.

For boundary surveys, the Bureau of Land Management keeps a file on property survey data
related to public lands. State, county, city and town engineering and surveyors offices should be
consulted for useful survey data on private property. Surveyors typically use this information to
locate property boundaries based on existing markers, monuments, angles, and distances.

4.2 Control Survey

This is the most common type of survey performed in an environmental investigation. It is used
to establish the horizontal and vertical positions of points such as soil borings or monitoring
wells. Control is typically established horizontally using a theodolite and electronic distance
measurement instrument, or using a transit and stadia as part of a three-dimensional traverse. The
traverse is used to measure the distance and direction from a known point and the elevation with
reference to a known monument. Horizontal and vertical data are then plotted and elevation data
interpolated. This type of survey is best suited for small areas and for locating particular points.

4.3 Boundary Survey

A boundary, land, or property survey, is performed to determine the length and direction of land
lines and to establish the position of these lines on the ground. The area of the tract bounded by
the lines can also be determined. This type of survey is made using established control
monuments and establishing angles and distances from those monuments, based on a legal
description of the property.

4.4 Topographic Survey

A topographic survey is made to obtain data from which a map indicating the configuration of
the terrain and location of natural and man-made objects can be prepared. This type of survey
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can be performed either using established control monuments or by aerial photography using a
digital terrain model or digital elevation model. Contour intervals are determined before
measurement and specified so that enough detail of the site topography is provided to meet the
project data quality objectives. The scale to which the map is drawn shall determine the field
surveying methods employed. The topographic survey is used to identify high and low spots at a
site, as well as natural drainage patterns. Topographic surveys can be performed on a site of any
size, but contour intervals normally dictate the time and cost of the survey.

4.5 Aerial Survey

An aerial survey is performed by a high-precision camera mounted in an aircraft. Photographs
are taken in an organized manner as the aircraft flies over the terrain. Aerial surveys are
commonly used for larger sites where boundaries and topography are to be defined. Ground
surveys are also required in conjunction with aerial surveys to establish control points for the
aerial survey.

The main advantages of aerial surveys over ground methods include the following:

e Speed of compilation

Reduction in the amount of control surveying required to control the mapping
e High accuracy of the locations of planimetric features

e Faithful reproduction of the configuration of the ground surface by continuously-traced
contour lines

e Unrestricted by inaccessible terrain

e Capability to be designed for a map scale ranging from 1 inch = 20 feet to 1 inch = 20,000
feet with as small as 0.5-foot contour intervals

The disadvantages associated with aerial surveys include the following:

e Difficulties in plotting areas with heavy ground cover (high grass, timber, and underbrush)
e High cost per acre of mapping areas smaller than 5 acres

e Difficulties in locating positions of contour lines in flat terrain

e Editing requirements to include road classifications, boundary lines, drainage classification,
and names of places, roads, and other map features
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4.6 As-Built Survey

An as-built survey is a post-construction survey that shows the exact final location and layout of
civil engineering works. This type of survey provides position verification and records that
include design changes.

4.7 Global Positioning System Surveying

GPS is a ranging system from known positions of satellites in space to unknown positions on
land, sea, in air and space. A GPS receiver uses information from at least 4 to 24 satellites to
precisely triangulate its position on the earth. GPS uses pseudoranges derived from the broadcast
of a satellite signal. The pseudorange is derived either from measuring the travel time of the
(coded) signal and multiplying it by its velocity or by measuring the phase of the signal. The
pseudorange takes into account synchronization error (denoted as clock error), since the clocks
are never perfectly synchronized. In both cases, the clocks of the receiver and the satellite are
employed. The GPS concept assumes that, when fully deployed, four or more satellites will be in
view at any location on earth 24 hours a day.

Sources of positional error include variations in the speed of radio transmission owing to the
Earth’s constantly changing ionosphere and atmosphere, electrical interference within a receiver,
drift in the atomic clocks, and multipath error where the radio signal does not travel directly to
the receiver but is refracted en route. The sum of these uncorrected errors will give the total
positional data, typically +35 feet. Vertical accuracy is typically +50 feet.

The total uncorrected error will be multiplied by the positional dilution of precision (PDOP).
PDOP values can be obtained from a good quality GPS unit and are a measurement of accuracy.
PDOP is determined by the strength of the satellite configuration based on the geometry between
the user and a set of satellites. The ideal satellite configuration would have three equally spaced
satellites that are low on the horizon and one satellite that is directly above the receiver. PDOP
values of 4 or less indicate good accuracy, a value of 5 to 6 indicates an acceptable accuracy, and
a value of 7 or greater indicates a poor GPS coordinate reading. The PDOP ideally should be
between 1 and 4 and not exceed 6.

Accuracy can be improved by correcting the positional data from the satellites by using DGPS.
Horizontal accuracy in the sub-3-foot range can be obtained by using DGPS and post-processing
calculations. Positional data can also be greatly increased by averaging the data points collected
over time. The more points that are collected, the greater the accuracy. It is impossible to predict
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the nature of GPS signal errors and the exact amount of time needed to collect points. Typically,
GPS points are averaged over a period of at least 2 minutes and less than 20 minutes.

The operation of GPS units from different manufacturers varies. An instruction manual shall be
obtained for the specific GPS unit to be used in the field, and survey crews shall be educated in
its use.

Limitations of GPS Survey

e Elevations cannot be determined accurately. In some cases, accuracy may be to the nearest
10 feet or more. Most environmental applications require elevation accuracy to the nearest
0.01 feet, e.g., top of casing elevation for monitoring wells.

e Tall structures (e.g., buildings, towers) may obstruct signal reception.

e There are times when less than four satellites are in view. At such times the unit ceases data
collection and switches to a power saving mode until four or more satellites are in view.

e The data logger has limited memory and may need to be downloaded frequently, depending
on extent of use.

e GPS data is subject to selective availability imposed by the United States military. Surveyed
data must be corrected and processed to remove accuracy restrictions imposed by selective
availability.

4.8 Required Accuracy And Precision

The required survey accuracy and precision depends on the intended purpose of the survey work.
Such requirements could range from gross estimation of a sampling station for inclusion on a
small-scale vicinity map to the determination of top of casing elevations to +0.01 feet to
establish groundwater gradients. In general, no more than third order accuracy is required for
sampling station location and elevation measurements performed in environmental
investigations. However, higher accuracies may be required for boundary surveys, topographic
surveys, etc. The following sections discuss accuracy and precision requirements for specific
survey types.

4.8.1 Environmental Investigations

For environmental investigations, surveying activities generally consist of obtaining horizontal
and vertical coordinates of sampling locations designed to assess the migration and extent of
contaminants in the soil and/or groundwater. These locations include groundwater monitoring
wells, soil borings, and piezometers. The following sections describe precision and accuracy
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requirements for various field investigation activities. The following table identifies the vertical
and horizontal controls required for the various types of environmental investigation sites.

Vertical Control Horizontal Control
Type of Site (ft) (ft)
Soil Boring/Test Pit 0.1 1
Surface Soil/Sediment Sample Location 0.1 1
Surface Water Sample Location 0.1 1
Monitoring Wells/Piezometers 0.01 1
CPT/HydroPunch Locations 0.1 1
Air Sampling Stations 0.1 1
Biological Stations 0.1 1

4.8.1.1 Soil Borings, Cone Penetrometer Test Sites, HydroPunch®, and Test Pit

Surveyed horizontal locations and ground surface elevations for soil borings, cone penetrometer
test (CPT), HydroPunch® sites, and test pits are used to graphically plot locations on site maps
and are often included in boring logs and test pit logs. The surveyed locations are also used to
construct geologic sections or profiles. Horizontal locations shall be staked out to +1.0 foot, and
ground surface elevations measured to +0.1 feet.

Locations of these sites are typically surveyed after completion. Care is taken to measure the
original surface elevation as accurately as possible. The location or outline of the sites must be
adequately staked to permit the required surveying. In paved areas, spray paint is used to mark
the location and other information directly on the pavement.

4.8.1.2 Monitoring Wells, Pumping Wells, and Piezometers

Horizontal location ground surface and top of casing elevation survey criteria for wells and
piezometers are generally similar to those for test pits or borings. However, vertical precision in
the elevation measurements is essential due to the groundwater elevation measurements that will
be collected after the well installation.

All survey data, including horizontal location, ground surface elevation, and the elevation of the
top of the inner casing, shall be surveyed after well installation. The accuracy of the horizontal
plane survey is £1 foot (unless greater accuracy is desired) and is measured to a reference point
on the well casing. The vertical plane survey measurements at the ground surface and on the
north side of the top of the inner casing are accurate to +0.01 feet. The point at which the
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elevation is measured on the inner casing must be scribed so that water level measurements can
be made from the same location. The FTL (or other designated personnel) is responsible for
ensuring that the inner casing is scribed appropriately and for directing the surveying contractor
to collect vertical measurements from the correct location. This procedure is to be used for both
aboveground and flush-mounted monitoring well completions.

4.8.1.3 Surface Water Sampling Locations

When grab samples are obtained from the edges of surface water bodies, the sampler can often
estimate and mark the approximate location and elevation directly on a site topographic map.
Typically, such sampling locations do not require high location accuracy (within several feet),
since they are usually only indicated graphically on a site map. However, depending on the
accuracy required for the project, a location stake at the shoreline may be installed to mark the
sampling location with the station number, coordinates, and water surface elevation.

Better horizontal control is usually required when samples are to be taken within the surface
water body away from the shoreline. The sampler determines sampling locations using on-shore
baselines or ranges. In tidal waterbodies, the use of a tide staff (existing or installed previously
by the surveyors) may be required by the client. During sampling, tidal elevations should be read
to 0.1 feet on the tide staff at a sufficient frequency to observe significant tide changes.

4.8.1.4 Surface Soil Sampling Locations

The measurement and layout requirements for obtaining a single grab sample of surface soil are
comparable to those for soil borings. Where a composited sample is to be collected from a
sampling grid, the surveyors stake out the grid and indicate the station number(s), coordinates or
orientation of the grid, and ground elevation(s) on the stakes. Generally, a precision of +1.0 foot
for location and +0.1 feet for elevation will suffice for grab or grid surface sampling.

4.8.1.5 Air Sampling Stations

Air sampling stations generally need no more layout precision than for a soil boring. Therefore,
horizontal and vertical plane survey accuracy are within +1.0 and +0.1 feet, respectively.

4.8.1.6 Other Sampling Locations

Other sampling points are located using methods similar to those described above. For example,
biological sampling stations are established with the same surveying methods and precision as
for surface water sampling. For unusual or unique sampling methods, appropriate surveying
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requirements are developed in consideration of the specific intentions and site conditions. For
sampling man-made facilities such as drums, tanks, and pipelines, the sampler identifies these
locations directly on a topographic map or as built drawing of these facilities at the time of
sampling.

4.8.2 Boundary Surveys

Accuracies for boundary maps are usually determined by State or Municipal law. Generally,
second order accuracy is required for the survey so that property boundaries can be established
to a precision of one second in their bearing and 0.01 feet in their length. In addition to being
graphically plotted to scale on the boundary map, the results of the boundary survey is
numerically recorded on the map as the actual bearing and length of each site border.

4.8.3 Topographic Surveys

The results of topographic surveys are usually only represented graphically on maps or design
drawings. Thus, the required accuracy and precision of the field survey is dependent upon the
required accuracy and precision for the map as determined by the map scale. For a scale of
1 inch = 100 feet, horizontal distances are plotted to the nearest 1 or 2 feet. If the scale is 1 inch
= 1,000 feet, the plotting is to the nearest 10 or 20 feet. The accuracy of horizontal measurements
in the field is specified in the project-specific work plans. Vertical field survey measurements are
depicted on maps graphically as contour lines and numerically as spot elevations. Such vertical
field measurements are to a precision of £0.01 feet. Commonly, maps showing contour intervals
of 1 foot or more indicate spot elevations between or beyond contour lines to the nearest tenth of
a foot.

4.8.4 Aerial Surveys

Aerial photography standards for preparation of topographic maps are dependent upon the
specific equipment and techniques used in obtaining the photographs and preparing the maps.
These standards are project-specific and are defined in the project-specific work plan.

4.8.5 As-Built Surveys

As-built surveys hall show locations of all buildings, utilities, curbs, roads, walks, and other
structures. Locations are referenced to base lines or to at least two other fixed points.
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DISCLAIMER

THE FOLLOWING STANDARD OPERATING PROCEDURE PROVIDES GENERAL
GUIDANCE FOR BRC CONTRACTORS FOR TECHNICAL ISSUES ADDRESSED
DURING ENVIRONMENTAL SITE INVESTIGATION AND REMEDIATION
ACTIVITIES. IT ISNOTED, HOWEVER, THAT EACH SITE IS UNIQUE AND THESE
GUIDELINES ARE NOT A SUBSTITUTE FOR COMMON SENSE AND GOOD
MANAGEMENT PRACTICES BASED ON PROFESSIONAL TRAINING AND
EXPERIENCE. IN ADDITION, INDIVIDUAL CONTRACT TERMS MAY AFFECT
THE IMPLEMENTATION OF THIS STANDARD OPERATING PROCEDURE. BRC
CONTRACTORS RESERVE THE UNRESTRICTED RIGHT TO CHANGE, MODIFY
OR NOT APPLY THESE GUIDELINES IN THEIR SOLE, COMPLETE, AND
UNRESTRICTED DISCRETION TO MEET CERTAIN CIRCUMSTANCES,
CONTRACTUAL REQUIREMENTS, SITE CONDITIONS, OR JOB REQUIREMENTS.
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1.0 INTRODUCTION

Cone Penetrometer Testing (CPT) is a method for obtaining soil data without collecting soil
samples. Engineering and scientific applications include geotechnical design and hydrogeologic
characterization. The use of CPT methods for the determination of subsurface lithologies and
stratigraphy is described in American Society for Testing and Materials (ASTM) Method
D-3441-98, which is included as Attachment 1 to this Standard Operating Procedure (SOP).

Two general types of cones, mechanical and electric, are described in the literature. Electric
cones have replaced mechanical cones for most applications, and this SOP describes electric

cones only.

The purpose of this SOP is to aid in the selection of cones appropriate for site conditions, aid in

the collection and interpretation of CPT data, and describe limitations of the method and sources

of error.

Cone

Cone Penetrometer

Cone Resistance, end-
bearing resistance,
or tip resistance, qc

Electric Penetrometer

Friction-Cone Penetrometer

Friction Ratio, Rf

2.0 DEFINITIONS

The cone-shaped point of the penetrometer tip, upon which the end-
bearing resistance develops.

An instrument in the form of a cylindrical rod with a conical point
designed for penetrating soil and soft rock and for measuring the
end-bearing component of penetration (Figure 1)

The resistance to penetration developed by the cone, equal to the
vertical force applied to the cone divided by its horizontally
projected area.

A penetrometer that uses electric-force transducers built into a
non-telescoping penetrometer tip for measuring, within the tip, the
component(s) of penetration resistance.

A cone penetrometer with the additional capability of measuring
the local side friction component of penetration resistance.

The ratio of friction resistance to cone resistance, fs/qc.
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Friction Resistance, fs The resistance to penetration developed by the friction sleeve,
equal to the vertical force applied to the sleeve divided by its
surface area. This resistance consists of the sum of friction and
adhesion.

Friction Sleeve A section of the penetrometer tip upon which the local side-
friction resistance develops (Figure 1).

Penetrometer Tip The end section of the penetrometer, which comprises the active
elements that sense the soil resistance, the cone, the friction sleeve
and the piezo-element.

Piezocone Penetrometer An electric penetrometer tip equipped with a ceramic filter, which
or Piezocone permits the measurement of pore water pressure (W) during and
after stopping tip penetration (Figure 1).

Pore Pressure Ratio or Pore water pressure (p) divided by the tip resistance.
Differential Pore Pressure

Push Rods The thick-walled tubes, or other suitable rods, used for advancing
the penetrometer tip to the required test depth.

Thrust Machine A machine that provides a continuous stroke, preferably over a
distance greater than one push rod length. This machine must
advance the penetrometer tip at a constant rate while the
magnitude of the thrust required fluctuates. Thrust machines are
usually one component of the CPT rig, which is available in
different sizes for various applications.

3.0 RESPONSIBILITIES

The Project Manager or Task Leader (a qualified Nevada Certified Environmental Manager
[C.E.M.]) will select site-specific CPT methods with input from the Field Team Leader and Site

Geologist, and will maintain close supervision of activities and progress.

The Field Team Leader (a qualified Nevada C.E.M.) implements the selected drilling program
and assists in the selection of CPT methods. If obstructions stop penetration of the cone
penetrometer before total depth is reached, the Field Team Leader will instruct the rig operator to

either abandon or relocate the CPT point.

The Rig Geologist selects site-specific CPT options; assists in preparing technical provisions for
CPT fieldwork; obtains required permits and clearances before CPT testing begins; oversees

CPT operations; and interprets site specific lithology based on graphical CPT plots.
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Figure 1 Terminology Regarding the Cone Penetrometer

The electrical piezocone (CPTU) is the
premier soil logging toecl. The CPTU
provides a rapid, reliable and economic
means of determining soil stratigraphy,
relative density, strength and
equilibrium groundwater pressures.

CPTUs are available in 2.5, 5, 10,
and 15 ton tip (Qc) capacity cones.
Cones also have variable capacity
friction sleeves (Fs) and pore pressure
(U). The pore pressure can be
measured at one of 2 locations, either
on the face of the cone tip or behind the
cone tip. Pore pressure dissipation
datais recorded automatically.

All data is displayed in real time at the
ground surface, facilitating the on site
decision making process.

Source: ConeTec.

4.0 CONE PENETROMETER TESTING

Sections 4.1 and 4.2 describe the type of data typically obtained by CPT methods and

conventional interpretation techniques. Data error sources are described in Section 4.3 and

applications of CPT are introduced in Section 4.4
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4.1 Cone Resistance and Friction Sleeve Data

The recommended graphical presentation of CPT data should include the following:

e (c vs. depth (where gc = bearing force divided by bearing area)

e fsvs. depth (where fs = friction sleeve force divided by surface area of sleeve)
e Rfvs. depth (where Rf = friction ratio)

e Measured p vs. depth

e Soil behavior type vs. depth

A typical graphical plot of CPT data is included as Figure 2 where the collected CPT data is
represented from left to right as tip resistance, local friction, friction ratio, pore pressure, and soil
behavior type. These plots are generated in the field so the rig geologist can make lithologic
interpretations immediately. Stratigraphic information is obtained from CPT data by correlating
tip resistance with friction ratio on a soil classification graph similar to the upper graph of
Figure 3.

4.2 Pore Pressure Data

The addition of pore pressure measurement aids in the interpretation of geotechnical and
hydrogeologic parameters, particularly in loose or soft saturated deposits. Advantages to using
CPT equipped with a piezocone are as follows:

e Ability to distinguish between drained, partially drained and undrained penetration

e Ability to correct measured cone data to account for unbalanced water forces due to unequal
end areas in cone design (see Section 4.3)

e Ability to evaluate flow and consolidation characteristics

e Ability to assess equilibrium groundwater conditions

e Improved soil profiling and identification

e Improved evaluation of geotechnical parameters (Robertson and Campanella, 1986)

Figure 2 contains a typical example of a field plot of pore pressure ratio vs. depth and Figure 4

shows an example plot of a pore pressure dissipation test.

\ ..
AV} 4 SOP-11 Revision 2

Basic Remediation

COMPANY



BMI Common Areas, Clark County, Nevada SOP-11 Cone Penetrometer Testing
BRC Standard Operating Procedures August 2007

4.3 Sources of Interpretation Error

Using the simple graphical techniques described in Sections 4.1 and 4.2 to interpret lithology
from CPT data must be done with caution. When available, CPT data should be correlated with
lithologic and/or geophysical data collected from soil borings in the immediate vicinity of the
CPT location. This is important because of the many factors that affect CPT data. A few of the
factors affecting data quality are listed below.

Unequal Area Effects

Water pressures can act on the exposed surfaces behind the cone tip and on the ends of the
friction sleeve. These water forces result in measured tip resistance and sleeve friction values
that do not represent true total stress resistances of the soil. Robertson and Campanella (1986)
describe a method to correct for unequal area pore pressure effects. The importance of this
correction is especially significant in soft clays, where high values of pore pressure and low cone

resistance may lead to the physically incorrect situation of p > qc.
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Figure 2  Field Plot of Tip Resistance and Local Friction
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Figure 3 Proposed Soil Behavior Type Classification System from CPT Data
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Hole:!: RCPTU 96-2 Cone:5.0 TON A 001
ConeTeC Location:Test Site Date:06:21:96 09:50
File: 150CPO2.PPD
PORE PRESSURE DISSIPATION RECORD Depth (rm2: 55.40

Cftd): 181.76

Duration : 635.0s
i 1 T

Pore Pressure (m)

0.0 | 1 | |
0.0 200.0 400.0 600.0 800.0

TIME (sec)

Source: ConeTec.

Figure 4 Field Plot of Pore Pressure

Temperature Effects

The load cells and pressure transducers within the electric penetrometer are often temperature
dependent and are usually calibrated at room or air temperature. However, soil and groundwater
are often considerably cooler than the calibration temperature and a shift in the zero can occur
for both load cells and pressure transducers during penetration. For cone testing in dry sand,
considerable heat can be generated during penetration. These changes in temperature have little
consequence for cone testing in sand where measurements are usually large. However, the zero
shift can be significant in very soft or loose soils. A temperature shift can make friction
measurements very unrealistic especially with subtraction type cones where the zero shift may
be different for each load cell. If the temperature of the cones is continuously monitored and
temperature zero shift calibrations obtained, it is possible to correct all data as a function of

temperature. These corrections are easily accommodated in a computer based acquisition system.
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Layering Effects

Theoretical cavity expansion models and chamber test studies have shown that the cone
penetration resistance is, qc, influenced by an interface ahead and behind the tip. The distance
over which the cone tip senses an interface increases with increasing soil stiffness. Thus, the
cone tip can respond fully (i.e., gc to reach full value within the layer) in thin soft layers better
than in thin stiff layers. Chamber studies show that the tip senses an interface between 5 to 10
cone diameters ahead and behind. For interbedded deposits, the thinnest stiff layer the cone
bearing can fully respond to is about 10 to 20 cone diameters. For the standard 10 cm? electric
cone, the minimum stiff layer thickness to ensure full tip resistance is therefore between 14
inches to 28 inches (36 centimeters [cm] to 72 cm). Therefore, if a sand layer is less than about
28 inches (70 cm) thick and located between two soft clay deposits, the cone penetration
resistance may not reach full value within the sand because of the close proximity of the adjacent

interfaces. Thus, the relative density in the sand may be severely underestimated.

The continuous monitoring of pore pressures during cone penetration can significantly improve
the identification of soil stratigraphy. The piezo-element (Figure 1) responds instantly to changes
in pore pressure. The pore pressure develops in response to the soil type being penetrated in the
immediate area of the pore pressure sensing element. For thin sand layers within a body of clay,
the drainage characteristics of the sand become very important. Generally, sands give very low
or negative pore pressures while clays are very high. Dilative silts also give low or negative pore

pressures while contractive silts give high positive pore pressures.
Depth Effects

A problem that has been recognized for some time with soil classification charts that use qc and
Rf is that soils can change in their apparent classification as cone penetration resistance increases
with increasing depth. Existing classification charts are based predominantly on data obtained
from CPT profiles extending to a depth of less than 100 feet (30 meters). This is because
measured parameters all tend to increase with depth due to increasing overburden stress. For
example, the cone resistance will increase linearly with depth in a thick deposit of normally
consolidated clay. Therefore, stratigraphic interoperations from CPT data obtained at depths

greater than 100 feet (30 meters) may be erroneous.
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4.4  Applications

The conventional CPT cone designed to collected gc, fs, and p can be used for many

applications. Robertson and Campanella (1986) describe a variety of geotechnical applications.

The following list includes those applications that could aid in environmental site

characterization studies:

e Checking the adequacy and uniformity of placed fill

e Locating bedrock

e Checking the amount of undesirable material for excavation

e Locating cavities in soft rocks, e.g., chalk

e Locating permafrost

e Pipeline investigations

e Determining depth to permeable zones for collection of groundwater samplings. Two
methods commonly used, in conjunction with CPT, for groundwater collection are
HydroPunch® and BAT® porous probe sampler.

e Characterization of location, orientation and extent of permeable zones.

In addition to the basic cone (Figure 1), other cones are available for the collection of various

types of data. The following new cone designs are included as Attachment 2:

e Electrical Resistivity Cone Penetrometer

Seismic Cone Penetrometer

e Ultra High Resolution Piezo Cone Penetrometer
e Ultra Violet Induced Fluorescence Cone Penetrometer
e Gamma Cone Penetrometer

e Active Gamma Penetrometer

More information on cone designs and applications is available through the internet at

Www.conetec.com.
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45 Field Data Collection Procedures
4.4.1 Permits/Clearances

Before beginning field work, required regulatory drilling/exploratory boring permits must be
acquired. This is the responsibility of the rig geologist. Depending on the geographical region,
permits may be issued through local, county or state regulatory bodies. In addition to
drilling/exploratory boring permits, utility clearances must be acquired from all pubic and/or
private companies that potentially have utilities in the investigation site. Utilities must be clearly
marked so the rig operator can avoid these lines. The subcontract should stipulate responsibility

for severed utilities and damaged CPT equipment.
4.4.2 General Procedures

Efficient field operations with electric cone testing require skilled operators and adequate
technical back-up facilities for calibration and maintenance of equipment. Equipment operators
begin by leveling the CPT rig over the testing point. Leveling is accomplished with hydraulic
jacks. Once level, the operator may run a "dummy cone" into the upper zone (0 to 3 feet, 0 to 1
meter below ground level), if gravel or random fill is suspected. Next, the operator will prepare
the piezo-element, which involves de-airing of the porous filter element; de-airing of the cone,
especially with respect to the pressure chamber immediately adjacent to the pressure transducer;
and assembling of the cone and filter. The prepared cone is then lowered on a string of cone
rods. The rate of penetration is set between 2 to 4 feet per minute (10 to 20 millimeters per
second), 25 percent when obtaining resistance data. During penetration, the electric
penetrometer produces continuous data that requires relatively complex data collection and
processing. The signals are usually transmitted via a cable pre-threaded down the standard push

rods.

The digital data is incremental in nature, typically recording all channels every 5 cm in depth.
Data is stored on floppy diskettes for future transfer of data to an office computer and plotter.
Typically, printers and plotters are used in the field with microprocessors to calculate, print and

plot data immediately after completion of or during cone tests.
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In the field, simple check calibrations and procedures are essential after connecting the
equipment to ensure that all is functioning properly. Between tests, the CPT operator should
check the cone and friction sleeve for obvious damage or wear. The seals between different
elements should also be cleaned and inspected. The site geologist should verify that load
measurement systems are calibrated at intervals not to exceed three months, and more frequently

when the equipment is in use continuously.
4.4.3 Penetration Abandonment

To comply with groundwater regulatory ordinances, all CPT holes must be sealed to protect
aquifers from surface contamination and cross aquifer contamination. Typically, a tremmie line
is run to total depth through a string of push rods. (If the rig operator is confident that the
formation will not close, the tremmie line may be lowered by hand after the rig mobilizes off
site.) The tremmie line remains in the hole while the push rods are removed. Then the hole is
grouted with a bentonite/cement slurry, through the tremmie line, from total depth to ground

surface, and the tremmie line is removed as the slurry rises in the hole.

5.0 REFERENCES

Robertson, P.K., and R.G. Campanella, 1986. Guidelines for Geotechnical Design using the
Cone Penetrometer Test and CPT with Pore Pressure Measurement, Hogentogler and
Company, Inc., P.O. Drawer 2219, Columbia, Maryland 21045 USA, Toll Free Phone:
1-800-638-8582.
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ATTACHMENT 1
ASTM Designation: D3441-86

Standard Test Method for Deep, Quasi-Static, Cone and
Friction-Cone Penetration Tests of Soil

Source: 1991 ANNUAL BOOK OF ASTM STANDARDS, Section 4, Construction, VVolume 04.08.
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making the aaaitionit Ub Denetrauon ang tne aisiurpea zone
evatyated ITOm tnese gata. Then aisregara data witnin the
disturped zone.

NOTE | X—intcrrunuon e piezocone sounaing aler 1 pusn
Jllows tne enginesr 1o amiIne N GISSIDAUEN O DOSILG OF NCgAlve
exCess Pore waler orassure.

67 Below or
cone sounaing shail not pe pertormea any ctoser than
bonng diameters from an exisung. unbackfilled. uncased
bonng note. When performed at the bottom of a boring. the
engineer should esumate the depth below the borng of the
disturbed zone and disregard penetration test data in this
zone. The depth may vary trom one to five diameters. Where
the engineer does not have sufficient expenence with this
vanabie a gepth of at least three boring diameters should be
used.

6.8 Mechanicai Penetrometers:

6.8.1 Inner Rod Friction—Soil paricles and corrosion
can mcrease the frncuon between inner rods and push rods.
possibly resuiting 1n significant errors 1n the measurement of
the resistance comoonenus). Clean and lubnicate the mmner
rods.

6.8.2 Weignt or Inner Rods—For improvea accuracy at
low vaiues of cone resistance. correct the thrust data 1o
inciude the accumuiated weight of the inner rods from the
tip to the topmost rod.

6.8.3 Jamrung—Soil particles between sliding surfaces or
bending of the up may jam the mechanism dunng the many
extensions and coilapses of the telescoping mechanical tip.
Stop the sounding as soon as uncorrectabie jamming occurs.

6.9 Electric Penetromerers:

6.9.1 Water Seal—Provide adequate waterproofing for
the electnc transducer. Make penodic checks to assure that
no water has passed the seats.

[&H

igiacent to Borimgs—A cone or fricuon-
13

NOTE |9—Some etectnic up sieeve designs are not compensated for
hvdrostauic end arca erfects and require a calibration correcuon.
Determining the net ena area of the cone under hvdrostatic pressure 2iso
requires a nvdrostauc caubration measurement. The up manutacturer
can usualiv suppiv these caiibration correction constants. Therr impor-
f1ance mcreases as the sout being tested becomes weaxker.

7. Report

7.1 Graph ot Cone Resistance. g.—Every report of a2 cone
or fricuon-cone sounding shall inciude a graph of the
variation of cone resistance (in units of tons or kPa) with
depth (in feet or metres). Successive cone-resisiance test
vajues from the mecnanicai cone and friction-cone pene-
trometers. usuailv determined at equai increments of depth
and plotted at the depth corresponding to the depth of the
measurement. mav be connected with straight lines as an

approximation [or a continuous gracn

7.2 Friction-Cone Penetrometer:

T.2.1 Grapn ot Fricion Resistance.  —In addition to the
grapn of cone resistance (7.1} the recort mayv incluge ar
agjacent or superposea grapn of ITIclon rasistance or (rcton
rauo. or both. witn depth. Use the same aepth scaie asin 7.1
(see 6.3).

7.2.2 Grapi of Fricuon Ratio. R—=11 the repon includes
soil descriptions esumated from the friction-cone penetrom-
eter data. inciude a graph of the vanauon of fricuon rauc
with depth. Place this graph adiacent to the graph for cone
reststance. using the same deptn scaie (see 6.5).

7.3 Piezocone Penctrometer—in addition to the 7.1 and
7.2 report requirements. a piezocone sounding shail include
a parallel graph. 1o the same depth scaie. of measured pore
water pressure dunng the penetrauon versus depth. Excess
pore water pressure versus time plots may also be con-
structed at those depths where the piezocone sounding 1s
interrupted (see Note {).

7.4 Generai—The operator shail record his name. the
name and locauon of the job. date or sounding. sounding
number. location coordinates. and sou and water suriace
elevauons if availabie). The report shall aiso inciude 2 note
as 1o the type of penetrometer up used. the type of thrust
machine. up and thrust calibrauon informauon. or both. any
zero-drift noted. the method used 10 provide the reaction
force. if a fricuon reducer was used. the method of tip
advancement. the method of recording. tne condition of the
rods and up after withdrawal. and any special difficulties or
other observations concernming the performance of the equp-
ment.

7.5 Deviations from Standard—The repor shall state that
the test procedures were 1n accordance with this Test Method
D 3441. Describe compietely anv deviauons from this test
method.

8. Precision and Bias

8.1 Because of the manv vanables invoived and the lack
of a supenor standard. engineers have no direct data to
determine the bias of this metnod. Judging from its observed
reproducibilitv 1n approximately uniform soil deposits. plus
the g, and f, measurement effects of speciai equipment and
operator care. persons famiiiar with this method esumate 1ts
precision as follows:

8.1.1 Mechamcai Tips—Standard deviation of 10 % in g,
and 20 % in /.

8.1.2 Electric Tips—Standard deviauon of 5 % in g. and
10% in f,. -

NOTE 20—These data may not match simuar data trom mechamcal
ups tsee 1.3).

The Amencan Society for Testing and Materiats 1axes no DOSAION respeclng the vahidity Of any patent ngnts assertea in connection
Wit anv ifem MeNtIoNec i th1s Standard. USess of INIS SIancarg are expressly 8OVISE INAr Cetenminaton of the vaudity of any sucn
patent rigms. and the fISK of ntnngement Of SUCA NGNTS. are entiretv (NEIr OWn responsIoIty.

This Stangarg 1S SUDIECT 10 reviston ar anv me By the responsible lechaical committee and Must de reviewea every five vears and
1f NOt revised. einer reapproveq Or witharawn. YOour COMMENts are invited enner 10r revision Of this stanaara or or adomonar stangaras

anu snoult be avgressea 10 ASTM # 18rS. Your Cor

wilh £

carety! CONsSioeranon at a meenng of the responsidte

1ecnnical comminee, wnch vou may amnena. if vou feel that vour comments nave not received a fair nearing you Snoula maxe your
views xnown 10 the ASTM Commnree on Stancargs. 1916 Race St.. Prilageiomia. PA 19103,
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Electrical Resistivity Cone

Insulation

/I

\\-—

Electrodes

Triaxial Geophones
or Accelerometer

Load Cells =]

|
=
.

I3

1

Porous Filter

Inclinometer (Iy & Iy)

Thermistor (T)

Friction Sleeve (fg)

Pore Pressure

_—" Transducer (u)

Element 4%_ Cone Tip (q¢)

The resistivity cone penetration test
(RCPTU) combines the downhole
analysis of soil resistivity and the
logging capabilities of the cone
penetration test (CPTU). The RCPTU
provides a rapid, reliable and
economic means of determining soil
permeability, stratigraphy, and strength
in addition to providing relative
measurements of electrical resistivity.
The ability to determine groundwater
and soil resistivity and various other
soil parameters in one operation on a
near continuous basis allows for the
accurate profiling of contaminated
groundwater plumes as well as some
estimate of the rate and direction of
groundwater flow through the soil.
Identification of the lateral and vertical
extent of contaminants enables the
engineer/ scientist to rapidly implement
a remedial works or recovery program
thereby mitigating the potential damage
caused by contaminated groundwater
seepage.

Source: ConeTec.



Seismic Cone Penetrometer

| .

Triaxial Geophones
or Accelerometer

(Vp & Vs) \

Lt

I

Inclinometer (1)

=1

Load Cells

Porous Filter

L Thermistor (T)

[ Friction Sleeve (Fg)

Pore Pressure
Transducer (U)

Element

Cone Tip (Q¢)

The seismic cone penetration test
(SCPT) combines the seismic
downhole method and the logging
capabilities of the cone penetration
test (CPT) to provide a rapid, reliable
and economic means of determining
soil stratigraphy, relative density,
strength, shear and compressional
wave velocities. From interval shear
wave velocity (V) and the mass

density (p) of a soil layer, the
dynamic shear modulus (G, _,) of the
soil over a specific interval can be
calculated according to the following
expression:

2
Grmax =P Vs

The dynamic shear modulus (G,,,)
is a key parameter for the analysis of
soil behaviour in response to
dynamic loading from earthquakes,
ice, vibrating machine foundations,
waves and wind.

In addition to using a hammer as an
energy source, shotgun shells and
standard seismic caps may also be
employed to generate seismic waves.

Source: ConeTec.



Ultra High Resolution Piezo Cone Penetrometer

]

/ 3
Load Cells /

Porous Filter

—

|

Triaxial Geophones = —

or Accelerometer

(Vp & V)

p \“‘
s—rt—w Inclinometer (I)
. Thermistor (T)
~—+—— Friction Sleeve (Fg)

Pore Pressure
Transducer (U)

Element

Cone Tip (Q¢)

Ultra high resolution piezocone
Penetrometer designed for the
detection of slide failure surfaces and
the evaluation of low strength mine
tailings, normally consolidated clays
and under-consolidated clays. The tip
(qc) has a capacity of 40 tsf (bar) with
a resolution of 0.04 tsf.

Other cones include a choice of 250,
500, 1000, and 1500 tsf tip (qgc)
capacities. Our cones also have
variable capacity friction sleeves (fs)
and pore pressure (u). The pore
pressure can be measures at one of 2
locations, either on the face of the
cone tip or behind the cone tip. Pore
pressure dissipation data is recorded
automatically.

The electrical piezocone (CPTU) is the
premier soil logging tool. The CPTU
provides a rapid, reliable and economic
means of determining soil stratigraphy,
relative density, strength and
equilibrium groundwater pressures.

All data is displayed in real time at the
ground surface, facilitating the on site
decision making process.

Source: ConeTec.



UVIF Cone Penetrometer

The amalgamation of the ultra violet induced fluorescence (UVIF) module and the
cone penetrometer with pore pressure measurement (CPTU) produces a powerful
site characterization tool for geo-environmental investigations.

The UVIF module has high energy ultra violet light directed through a sapphire
window into the soil and groundwater being penetrated. The ultra violet light causes
fluorescence of contaminants contained within the soil and groundwater. The
intensity of the fluorescence is detected downhole in the UVIF module. As the UVIF
module collects information on contaminant characteristics, the CPTU characterizes
the ground in terms of soil type, soil permeability, soil strength and phreatic surface.
Therefore, at each test location an integrated vertical profile of contaminant location,
relative contaminant concentration, soil stratigraphy and soil permeability are
generated in real time on site. Having all of this information allows for on-site
assessment and decision making resulting in optimization of the site investigation
and ultimately a reduction in site characterization costs.

Qt bar U metres UVIF (Volts) Rf % SBT
0 150 0 50 0.0 3.0 0.0 50 0 12
0.0 ]
? Sensitive
- Fines
—= Clayey Silt
= _— Silty Sand
i Sand
3 |
E -100 — g _|Clayey Silt
- ;
Clayey Silt
L —|Sandy Silt
f Sand
-20.0
UVIF CPT Profile | Creosote Contaminated Zones

Source: ConeTec.



Gamma Cone Penetrometer (GCPT)

Gamma Probe

o GCPT Description

The Gamma Cone Penetrometer
(GCPT) can be used to better identify
soil stratigraphy in conjunction with the
CPT using natural gamma radiation
which is present in all soil. Finer soils
contain a greater amount of the

- radioactive elements; potassium,
-4 | .?Sg;o Muliplien uranium and thorium. A continuous
Gamma Ray gamma ray profile can be logged and
Excitaton ~— == Csl Crystal used to improve the CPT interpreted
stratigraphy.

In addition, the GCPT has
environmental applications. It can be
used to locate radioactive
contamination based on a gross
gamma ray count. Once the
contamination is located, the GCPT
can develop a gamma energy
spectrum in order to identify a
contaminant. Since the GCPT is a
penetration tool, there are no cuttings
) brought to the surface and worker
Inclinometer (1) exposure is minimized.

Thermistor (T)

Friction Sleeve (fg)
Pore Pressure
Transducer (u)

Cone Tip (9¢)

Source: ConeTec.




Active Gamma Penetrometer

Gamma Probe

Photo Multiplier
Tube

Csl Crystal

Active Source

GCPT Description

The active gamma cone is used to
measure in-situ soil density by
logging the back-scattered gamma
rays from a Cesium 137 source
located in the tip of the probe.
Denser soils will have a lower
amount of back scatter thus a
denser soil will cause the receiver to
measure a lower gamma count. The
back scatter measured by the
receiver can be correlated to the
density and the void ratio of the soil.
The insitu density can be useful in
saturated sands where liquefaction
is a concern. Due to the difficulty
involved in obtaining undisturbed
samples of sand for lab testing, this
is a very desirable method for
measuring soil density.
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DISCLAIMER

THE FOLLOWING STANDARD OPERATING PROCEDURE PROVIDES GENERAL
GUIDANCE FOR BRC CONTRACTORS FOR TECHNICAL ISSUES ADDRESSED
DURING ENVIRONMENTAL SITE INVESTIGATION AND REMEDIATION
ACTIVITIES. IT ISNOTED, HOWEVER, THAT EACH SITE IS UNIQUE AND THESE
GUIDELINES ARE NOT A SUBSTITUTE FOR COMMON SENSE AND GOOD
MANAGEMENT PRACTICES BASED ON PROFESSIONAL TRAINING AND
EXPERIENCE. IN ADDITION, INDIVIDUAL CONTRACT TERMS MAY AFFECT
THE IMPLEMENTATION OF THIS STANDARD OPERATING PROCEDURE. BRC
CONTRACTORS RESERVE THE UNRESTRICTED RIGHT TO CHANGE, MODIFY
OR NOT APPLY THESE GUIDELINES IN THEIR SOLE, COMPLETE, AND
UNRESTRICTED DISCRETION TO MEET CERTAIN CIRCUMSTANCES,
CONTRACTUAL REQUIREMENTS, SITE CONDITIONS, OR JOB REQUIREMENTS.
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BMI Common Areas, Clark County, Nevada SOP-12 Surface Soil Sampling For Asbestos
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1.0 SAMPLE COLLECTION PROCEDURES

Each selected sampling location is to serve as the center of a 50 feet by 50 feet sampling grid,
which is to be further divided into four quadrant grid squares that are each 25 feet on a side.
Grab samples for determination of moisture and silt content are to be collected from the center of
the overall sampling grid. Samples to be collected for determination of asbestos content are to be
composites constructed from four component samples with one component collected from a
pre-selected, random location from within each of the four grid squares (quadrants) of the

sampling grid.

The manner in which each sample type is to be collected, prepared, labeled, and packaged is

described below.

1.1 Procedure for Collection of Grab Samples for Determination of Moisture and Silt
Content

A minimum of 1 Liter (2 kilogram) of material is to be collected for determination of moisture
and silt content. As currently planned, the material from the samples collected are to be sealed in
a 1-gallon Ziploc bag. Note: The use of Ziploc bags for soil moisture content samples can result
in poor moisture content estimates. It is difficult to verify that the bags are completely sealed and
stay sealed. In addition, the bags can be easily punctured. Normally, moisture content samples

are placed in plastic or metal containers with tight fitting lids.
Surface samples shall be collected by:

1. Placing a 12-inch template on the ground so that it is centered over the selected sampling
location;

2. Using a trowel to scope dirt from within the template to a depth of one inch. The material
collected is to be placed in a (pre-weighed) 1-gallon Ziploc bag;

3. Specifically for these samples, once filled, it is important to create an air-tight seal on the
sampling container. Thus, be sure to seal the Ziploc bags completely and to test them to be
sure that the seal is air tight; and

4. Weigh (to the nearest 0.2 g), label, and prepare the sealed containers for shipment to the
laboratory.

\
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Importantly, it is generally unlikely that so much of a 144 square-inch area (demarcated by the
template) around a selected sampling location would be comprised of rocks, construction debris,
or other materials that make collection of a sample impossible. However, in the rare case the
sampling is found to be impossible, the sampling location is to be moved 12 inches to the due
south and the fact that the sampling location had to be moved is to be noted in the field log. In
the remote possibility that sampling at this first-alternate location is also impossible, the sample
location may be moved an additional 12-inches due south, as long as this second change is also
noted in the field log. Such modifications may be repeated up to four times, if absolutely
necessary, until a suitable location for sampling is encountered. However, any such modification
of location must only be because more than half of the template area of a previous location is

impossible to sample.

1.2 Procedure for Collection of Composite Samples for Determination of Asbestos

As previously indicated, composites for determination of asbestos are to be constructed by
combining material from four component samples each collected from a preselected, random

location within one of the four grid squares (quadrants) of the sampling grids:

1. At each defined (random) location within each of the four grid squares, the surface to be
sampled (a square area that is approximately 1 foot on a side) is first to be cleared of
vegetation, biological debris, stones, and any construction debris that is obviously non-
asbestos containing material [ACM]). Gently hand pick these materials and remove them
from the sampling area. If the area to be sampled is heavily vegetated, it may first be cleared
using a scythe or other cutting tool;

2. Once cleared, use a clean trowel in a reproducible manner to scrape material from a one-inch
depth centered on the identified sampling location, until the trowel is sufficiently full to
satisfy Step 3;

3. Gently pour the material from the trowel into a clean container with a mark indicating a
volume of 125 cubic centimeters (cm®; approximately one-half cup, English units). If the
presence of a large piece of debris, rock, or other solid object is picked up by the trowel but
is too large to reasonably include within the indicated sample volume (i.e. if it comprises
more than one half of the volume of the sample), remove the object, characterize it as
potential ACM or non-ACM and note the modification to the sample in the field log. Also,
continue filling the sample container to replace the volume removed. If the object is not
ACM, it may be discarded. It the object is ACM, it should be separately bagged, labeled, and

\
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shipped to the laboratory as an object associated with the particular sample. Note; be sure
that the container indicating the sample volume can be filled from a single trowel scoop.

4. Quantitatively transfer the component sample from the container indicating the sample
volume to a clean, pre-weighed sample container and combine all four component samples of
a particular composite into the same sample container; and

5. Weigh (to the nearest 0.2 gram), label, and prepare the sealed containers for shipment.
2.0 QUALITY CONTROL SAMPLING

Material for quality control (QC) samples need to collected in the field, in addition to the project

samples already discussed. These are composite duplicates.

2.1 Composite Duplicates

At all sampling sites from which a composite duplicate is to be collected, a second set of four
randomly selected sampling locations (one within each of the four grid squares of the sampling
grid) needs to be identified. These locations need to be selected in addition to (and in a manner
assuring that they are entirely independent of) the locations originally identified at the same

sampling site for the project sample.

This second set of random sampling locations is then to be treated as it is for a unique sampling
site. Thus, both a set of surface and sub-surface composite samples for the determination of
asbestos need to be constructed from samples collected at these locations (for packaging,
labeling, and shipment to the laboratory) and a set of surface and sub-surface composite samples

for the determination of ACM content need to be collected and processed in the field.

3.0 OTHER PROCEDURES

Following are procedures to be followed for sample labeling, documentation, decontamination,

and chain-of-custody.

3.1 Sample Labeling

Each sample to be shipped for laboratory analysis will be labeled with a unique number that will

include the sample site identification number, an indication as to whether the sample is a surface

\
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or sub-surface sample, an indication as to whether the sample is an original sample or a
composite duplicate, an indication of whether the sample is intended for silt/moisture content
analysis or asbestos analysis, and the date that the sample is collected. It is thus suggested that

sample numbers be constructed with 11 digits as follows:
QQ-YZ-mm-dd-yy
where:

QQ is the two digit code indicating the sampling site from which the sample was
collected;

Y is either a 0 or a 1 indicating whether the sample is a project sample or a composite
duplicate, respectively;

Z is either an A or an M indicating whether the sample is intended for asbestos or
moisture/silt analysis, respectively; and

the last set of digits represents the date in standard format.

3.2 Decontamination of Field Equipment

Prior to use in the field, all sampling equipment (e.g. trowels and templates) will be
decontaminated by washing with biodegradable soap, rinsing with asbestos-free water, and
drying either with asbestos-free cloth rag or forced air. If forced air is used, it must be High
Efficiency Particulate Air (HEPA) filtered to assure that it remains asbestos-free. Sampling

equipment will be similarly decontaminated prior to removing it from the site.

Between collections of individual soil samples, sampling equipment may be wiped clean with a

clean, asbestos-free cloth rag.

Wash and rinse water will be collected and containerized, and handled with the contractor's
decontamination unit wastewater. Any disposable materials used for decontamination (e.g. rags)

will be disposed with ACM waste.
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3.3 Chain of Custody

The Project Coordinators representative will manage sample handling, transport and storage with

appropriate Chain-of-Custody documentation.

3.4 Documentation

The following information will be recorded for each soil sample collected during this project:

1. The sample identifier (including the grid square number and the date that the sample was
collected);

2. The times that the sample were collected;
3. The Global Positioning System (GPS) location of the sample;

4. Any required modifications to the location initially selected for sample collection along with
the reasons (i.e. the nature of any field obstructions) for needing such modification;

5. any changes or modifications required to the above-indicated procedures for sample
collection;

6. relevant observations concerning the condition (presence of vegetation, color and condition
of soil, relative apparent moisture content, etc.) of the location from which the sample is
collected (to be supplemented with photographs);

7. Documentation of any ACM (size, nature, color, type, etc.) observed at the sample location;
and

8. Any other, potentially relevant information concerning the conditions under which the
sample is collected (e.g. any required weights or similar information).
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DISCLAIMER

THE FOLLOWING STANDARD OPERATING PROCEDURE PROVIDES GENERAL
GUIDANCE FOR BRC CONTRACTORS FOR TECHNICAL ISSUES ADDRESSED
DURING ENVIRONMENTAL SITE INVESTIGATION AND REMEDIATION
ACTIVITIES. IT ISNOTED, HOWEVER, THAT EACH SITE IS UNIQUE AND THESE
GUIDELINES ARE NOT A SUBSTITUTE FOR COMMON SENSE AND GOOD
MANAGEMENT PRACTICES BASED ON PROFESSIONAL TRAINING AND
EXPERIENCE. IN ADDITION, INDIVIDUAL CONTRACT TERMS MAY AFFECT
THE IMPLEMENTATION OF THIS STANDARD OPERATING PROCEDURE. BRC
CONTRACTORS RESERVE THE UNRESTRICTED RIGHT TO CHANGE, MODIFY
OR NOT APPLY THESE GUIDELINES IN THEIR SOLE, COMPLETE, AND
UNRESTRICTED DISCRETION TO MEET CERTAIN CIRCUMSTANCES,
CONTRACTUAL REQUIREMENTS, SITE CONDITIONS, OR JOB REQUIREMENTS.
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1.0 INTRODUCTION

This Standard Operating Procedure (SOP) provides basic information on operating procedures
for equipment that is typically used in the field. Field monitoring instruments are used when data
quality objectives specify Level I and Level Il analytical support. Level | analysis provides data
for on site, real-time measurements, evaluation of existing conditions, refinement of sampling
locations, and health and safety evaluations. The objective of Level | analysis is to generate data
th